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THE participation of an expedition from the Yerkes Observa- 
tory in observing the eclipse was for some months doubtful. 
On account of the lack of funds for the purpose, it seemed in 
the preceding winter that it would be impossible to equip and 
send out a party from the Observatory. In the early spring, 
however, the chances of financial assistance had improved so that 
preparations began to be made in the first weeks of April. 

In the original plan for the spectroscopic observations it was 
intended that the principal instrument should be a slit spectro- 
graph, on account of the desirability of securing a metallic com- 
parison spectrum adjacent to the eclipse spectrum, and because 
of the possibility of bringing a slit spectroscope into perfect 
adjustment by observations on the Sun previous to the day of 
the eclipse. As attention was chiefly to be given to the flash 
spectrum, the plan was considered of selecting for the work a 
station separate from the rest of the party and near the boundary 
of the shadow, where the phenomena of the flash at second and 
third contacts would proceed slowly as compared with the 
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conditions on the central line of totality. This separation of the 
party would make necessary an increased amount of apparatus, 
however, particularly a telescope mounting or another coelostat, 
and it soon became evident that this could not be procured in 
the time remaining. As the work of fitting out the instruments 
for the expedition advanced in the shops of the Observatory, 
under the efficient supervision of Mr. Ritchey, it further became 
clear that it would not be possible to construct a suitable mount- 
ing for the slit spectrograph, hitherto employed in connection 
with the 40-inch refractor for stellar work, in the interval remain- 
ing before it would be necessary to despatch a freight car with 
the equipment of the whole expedition. Accordingly, at the 
end of April, the writer submitted to the Director a plan substi- 
tuting several objective-prism and objective-grating spectroscopes 
for the slit spectrograph, and this plan was adopted. These 
slitless spectroscopes offer decided advantages in their simplicity 
of construction and mounting, and moreover give the spectrum 
of a considerable portion of the Sun’s limb instead of the small 
section included within the slit. Furthermore, successful results 
are much less dependent upon exactly the right instant of exposure 
than is the case with instruments provided with slits. The fort- 
night remaining before the necessary shipment of the freight car 
was fully occupied with the selection and preparation of the 
prisms, gratings, and objectives, and the supervision of the con- 
struction by the carpenters of the wooden mountings for these 


instruments. 
GENERAL ARRANGEMENTS. 


A plane silvered mirror of 15 inches aperture had been 
ordered from Mr. O. L. Petitdidier, and was to be attached to 
the coelostat mounting which also carried a 12-inch plane mirror 
furnishing the beam for Professor Barnard’s 6-inch long-focus 
lens. A second silvered mirror of 14 inches aperture, kindly 
loaned by Mr. Petitdidier, received the beam from the 15-inch 
coelostat mirror and deflected it northward horizontally at a 
height of about three feet from the ground, Thus the dan- 
ger of interference between the 62-foot square tube for the 
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coronal pictures and the spectroscopic instruments was entirely 
avoided. 

Four square posts about 7X7 inches and 4 feet high were 
planted at the corners of a rectangle 6 feet long by 3 feet wide so 
that the beam should pass between the two pairs of posts 3 feet 
apart. Crosspieces were nailed to the posts so that the instru- 
ments could be set up in a plane making an angle of 38° with 
the horizontal, the west end being the elevated one. The posi- 
tion angles of second and third contact were calculated for our 
station by Professor Flint, using the determination of latitude 
and longitude just made by the United States Coast and Geo- 
detic Survey, as 68° 34’ and 264° 16’ from the north point, or 
130° 27’ and 326° 10’ from the vertex, differing slightly from 
the computation previously made by the writer with the coédrdi- 
nates of Wadesboro taken froma map. Inasmuch as these points 
of contact were 164° apart, the direction of the edges of the 
prisms or rulings of the grating could not be tangential to the 
point of contact unless the whole plane of support of the spectro- 
scopes was rotated through 16° between second and third con- 
tacts. As this would have greatly jeopardized the stability of 
the wooden mounting, the writer early decided to make the 
mounting rigid and let the plane of the instruments make an 
angle of 8° with the point of each contact. 

Inasmuch as a nearly circular beam of light of about 100 
square inches section could thus be obtained, it was evidently 
po: sible to employ a number of spectroscopes, and the essential 
paris of six such instruments were taken by the writer for the 
purpose. Two of these were not used at the eclipse on account 
of the crowding of the various other spectroscopes into the beam, 
and on account of the lack of time for their satisfactory adjust- 
ment after our arrival at Wadesboro on May 17. 


SPECTROSCOPIC OUTFIT. 


The following instruments were employed for obtaining the 
spectrum of the chromosphere and corona: 

1. A train of three large prisms intended for the new spectro- 
graph for determining stellar motions in the line of sight now in 
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the process of construction. These prisms are of unusually 
white flint glass, and have for the ray A 4227, for which they 
were set at minimum, an index »= 1.6418. Their height is 
2.25 inches (57mm), and their faces increase in size, being 
respectively 117mm, 127, and 135 mmlong. The angles of the 
prisms are 66° 1’, and the total deviation for A 4227 was 182° 30’. 
The mean path of the rays in the glass was 206 mm (8 inches), 
and the theoretical resolving power of the train for \ 4227 was 
consequently about 107,000. 

The prisms were set at minimum deviation for 44227 on 
account of the blue coronal line at A 4231 which it was hoped 
could be photographed during totality. No attention was given 
to the extreme violet region, as it was known that other parties 
(particularly that from Johns Hopkins University) would be 
especially well equipped for work in that region, and similarly 
for the green portion of the spectrum, near the chief coronal 
line at X 5303, which was to receive particular attention from the 
observers from Princeton. 

The prisms were mounted in a wooden box Ig X 13 inches in 
size and 3 inches high, provided with two apertures, one rectan- 
gular, 2% inches high and 2% inches wide, to receive a portion 
of the beam from the coelostat, and the other circular, of 3% 
inches diameter, to receive the lens end of the camera tube. 
The camera tube, objective and plate-holder were taken from the 
solar spectroscope of the 40-inch refractor. The objective has 
an aperture of 3% inches, and a focal length of 42 inches, and 
is corrected for the photographic rays. The plate-holder is mov- 
able in a vertical direction so that several exposures may be 
made on the same plate. The length of spectrum admitted to 
the plate by this plate-holder is only 75 mm (3 inches), which 
was unfortunate, as a fairly good focus might have been obtained 
from the lens over a longer extent of spectrum. 

The focal setting of the camera was determined by photo- 
graphs of star trails at the Yerkes Observatory, and a series 
of solar spectra of very good definition were obtained at Wades- 
boro by the use of a collimator of the same size as the camera 
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lens and the slit of the solar spectroscope. Probably the best 
method of focusing a prismatic camera is by photographing the 
spectra of bright stars, as Sir Norman Lockyer has done, but it 
was not feasible in this case on account of the fixed azimuth of 
the mounting of the spectroscopes; there were no stars suffi- 
ciently bright at the same declination as that of the Sun at the 
date of the eclipse. 

A 3-inch tube of forty inches length was placed in front 
of the prism box in the path of the beam from the coelostat for 
the purpose of excluding extraneous light. These tubes and 
the prism box were firmly attached to a stout board 4 feet in 
length which was fastened to the crosspieces from the four 
posts, which formed the basis of the support of all the spectro- 
scopes. The exposures of this prismatic camera were made 
with a bulb shutter. 

2. The instrument second in importance was a small concave 
grating of 150 cm (59.1 inches) radius, with a surface 44 mm wide 
and 21 mm¢high ruled with 14,438 lines tothe inch. It was used 
as adirect grating spectroscope without slitor lenses. Since the 
object to be observed, the Sun’s limb at second and third con- 
tacts, was at an “infinite” distance, the focal length of the grat- 
ing was one half its value with the usual laboratory mounting, 
or 75cm. To bein focus for its whole extent the photographic 
plate should be bent to a radius of one fourth the radius of 
curvature of the grating, or 37.5cm. As this was quite imprac- 
ticable, on account of the danger of breaking the plate as well as 
from lack of time to construct a proper device for the purpose, 
a plane plate 4 X 5 in size was used. A simple light-tight box 
was constructed, of about 6 inches height, 30 inches length, and 
18 inches width. The grating was placed in one corner, oppo- 
site the aperture of 2 X 2% inches, and diagonally opposite the 
grating the plate-holder was held in grooves. Cardboard dia- 
phragms at suitable points within the box protected the plate 
from stray light. A small brass plate held in place by gravity 
served as a shutter, and the exposure could be made by drawing 
acord. The grating was set in the position perpendicular to 
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the diffracted beam, to which the plate was also perpendicular. 
The spectrum of the first order was used, and light of about 
wave-length A 4600 fell at the center of the plate. 

3. For the visual observation of the flash in order to deter- 
mine the proper time for making the exposures of the other 
spectroscopes, a small plane objective-grating was employed. 
The ruled surface was 2% X 2 inches, with 14,438 lines per inch. 
The spectrum of the second order, in the yellow region, was 
used for the observations. The objective was of 2 inches aper- 
ture, and 20 inches focal length. The mounting consisted sim- 
ply of a square wooden tube, with the grating attached to the 
prolongation of one of the sides of the tube. The eyepiece 
gave a power of about 20. 

4. A large plane grating, with a ruled surface of five inches 
and 20,000 lines to the inch, was employed (in the first order) 
in the hope of photographing the red portion of the flash 
spectra. The camera lens was a visually corrected objective 
from the solar spectroscope, of 3% inches aperture and 42 inches 
focus, and was mounted in a wooden tube, with the grating set up 
on the prolongation of one of its sides. The iris shutter was 
operated by hand by the writer, while observing at the eye- 
piece of the visual objective-grating. The photographic “ Ery- 
thro” plates were kindly given by the International Color Photo 
Company, of Chicago. These have been successfully used at 
the Yerkes Observatory for photographing the red end of 
stellar spectra. In order to cut out the violet of the second 
order a red glass screen had to be inserted in the tube. It was 
unfortunately quite thick, and this, with the necessarily short 
exposure, is responsible for the failure of these plates to give 
results of value. Four exposures were made, of about 5 and 
7 seconds at the time of second and third contacts, of 55 sec- 
onds during totality, and of % second immediately after totality. 
The last plate faintly shows a few bright and dark lines, and 
one of the exposures to the flash has a faint streak of spectrum, 
but the short exposure time, for which the sensitiveness of the 
plates could hardly be expected to be sufficient, permitted no 
traces to be impressed on the other plates. 
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It is to be regretted that another prismatic camera, having 
as objective a small photographic doublet of 7 inches focus, 
with a very transparent prism of 60° angle, was not employed 
at the eclipse for photographing the coronal rings over a long 
extent of spectrum. On account of its rapidity this camera 
might perhaps have yielded results for the green coronal line 
which was not obtained with the more powerful apparatus of 
some of the other parties at Wadesboro. As the other instru- 
ments kept the two observers sufficiently occupied, and as there 
was no available time in which to mount and adjust this spec- 
troscope until the morning of the eclipse, it seemed best not to 
attempt to use it. 

It is a pleasure to record the indebtedness of our party, and 
particularly of the writer, to G.S, Isham, M.D., of Chicago, who 
spent the week preceding the eclipse with us, and took part in 
the preparations with great vigor, and supplemented his own 
scientific and mechanical skill by supplying the means for 
employing additional carpenters. He sent to Wadesboro the 
large tent which covered the spectroscopic outfit, into which the 
beam from the coelostat was reflected. 


EXPOSURES AND VISUAL OBSERVATIONS. 


The exposures with the prism-train and the concave grating 
were made by Dr. Isham, while the writer observed visually to 
give the signal for exposures at second and third contacts, and 
operated the objective-grating for the red end of the spectrum. 
Although it had not been possible for us to rehearse our parts 
until the evening before the eclipse, we were fortunate enough 
to carry out our program of exposures without mishap. Every 
fifth second of time, beginning 60 seconds before the computed 
instant of second contact, was called out to us by Professor A. 
S. Flint, who also observed the times of contact with a 3-inch 
equatorial mounted near by. 

The visual observations of the flash spectrum, or spectrum of 
the reversing layer at the instant of second and third contacts, 
did not correspond to the writer’s expectations of the appearance 
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of those phenomena. On looking into the eyepiece about a 
minute before the predicted time of second contact, the dark 
Fraunhofer lines were appearing, and were quite sharply defined 
45 seconds before that contact, as the solar cusp rapidly nar- 
rowed down and gave the equivalent of a narrow slit. The 
bright helium line D, appeared as a bright crescent, rendered 
irregular by several prominences, some ten seconds before total- 
ity, and was followed by a succession of other lines, until per- 
haps 15 or 20 were visible in the rather small field of the 
eyepiece, when the signal was given to make the exposures 
for the first flash. The expected reversal of all the dark lines 
visible in -the field was not observed, and the writer cannot 
believe that the phenomenon took place in the brilliant and 
striking manner that has been recorded by other observers, in 
particular by Professor Young, at other eclipses. The experience 
of other observers of this eclipse seems to be similar to the 
writer’s. 

After changing the plate-holder of the objective-grating for 
the red end of the spectrum, and beginning with it an exposure 
on the coronal spectrum, there was an opportunity for the 
naked-eye observation of the corona. The drawing made from 
photographs with Professor Barnard’s smaller cameras, repro- 
duced as Plate I in this volume of this JouRNAL, represented very 
well the impression received by Dr. Isham and the writer. A 
brief glance into the visual spectroscope at about the middle of 
totality did not disclose any coronal rings, although if the eye 
had been kept at the eyepiece the D, line would probably have 
been visible as a partial ring during a considerable part of total- 
ity. The region of the principal coronal line at \ 5303 was not 
included in the field of view. The plate-holders had been 
changed in preparation for the second flash after about 75 sec- 
onds of the computed 92 seconds of the totality had elapsed, 
and the writer’s eye was placed in position at the visual spectro- 
scope. Shortly after the call of the eightieth second, to the 
observer’s surprise, the chromospheric lines, or crescents, began 
to appear, and the signal for exposure was given at what was 
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probably about six or seven seconds before the count for 92. 
These exposures appear from the plates to have been a trifle 
late. That third contact occurred several seconds earlier than 
had been anticipated was also noted by Professor Flint and by 
others of our party. 

The display of the bright lines of the reversing layer was. 
visually no more brilliant than at the first flash, and they were 
quickly effaced by the streaks of continuous spectrum which 
appeared as totality ended. The observer’s attention now had 
to be given to changing plate-holders and making a final expo- 
sure, about ten seconds after totality, for the combination spec- 
trum of the meniscus of photosphere (dark lines), and the lower 
chromosphere at the cusp (bright lines). For convenience this. 
is called the cusp spectrum. 


GENERAL FEATURES OF THE PLATES. 


Except for the red-sensitive plates already mentioned, 
Cramer’s Crown 4X5 plates were used. They were backed with 
the caramel mixture employed by Professor Barnard for the 
large coronal plates. They were developed by the writer, with 
the assistance of Mr. Ellerman, soon after our return to the 
Yerkes Observatory. Aside from the four plates exposed to 
the red end of the spectrum, on which prolonged development 
failed to bring out images of sufficient intensity to be of value, 
the photographs may be regarded as satisfactory. The focus of 
both prisms and grating spectroscopes would probably have 
been somewhat sharper if it had been possible to adjust them 
by stellar spectra. There is in case of the stronger bright lines. 
on most of the plates a curious tendency to shade away from: 
sharpness on the side toward red to fuzziness on the side toward 
violet. That this is not a result of imperfect focusing appears. 
from the fact that it occurred with both prisms and grating, and 
operated only in the direction of dispersion, and seems to affect: 
the bright lines, but not the dark lines. It is most marked on 
the first flash with the prism-train, and least so on the first flash 
with the grating. It is not unlike the hypothetical appearance: 
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depicted by Sir Norman Lockyer on p. 126 of his Recent and 
Coming Eclipses (1900), to illustrate the possible effect of dif- 
ferent distributions of concentric layers of vapors above the 
photosphere. It cannot be thus explained, however, as that 
would require the haziness to change from the side toward violet 
to the side toward red between the first and second flashes. 
The effect of this haziness toward violet upon the measures of 
the plates taken at third contact is described later. We may 
now examine the plates in some detail. 

Spectrum of the solar cusp just before and after totality —These 
two plates were taken with the prism-train, the first at the call 
of 15 seconds before second contact, and the second at 10 
seconds after third contact, with exposures of about one half 
second. The spectra of the first flash and of the corona were 
also included on the same plate with the first of the cusp spec- 
tra. A corner of the plate was unfortunately broken off in the 
dark room, as it was being removed from the plate-holder; it 
was also necessary to cut the plate during development, in order 
that the development of the weak coronal plate could be pushed 
further than that of the other two strong impressions on the plate. 
The appearance of the plate was thus injured so that a repro- 
duction of it is not given. The measurements of the plate were 
not seriously affected, however, the two parts being separately 
measured andreduced. A reproduction of the plate of the cusp 
after totality, enlarged three times, was given in the July number 
of this Journa (Plate IX, Fig. 2 of this volume). 

These plates show many interesting features. The contin- 
uous spectrum on the first has a width of 4mm, the Sun’s 
diameter being 10mm, while on the second plate the width of the 
continuous band is 5mm, This indicated that the first, exposed 
at the call of 15 seconds before the completed time of beginning 
of totality, was actually taken at an instant nearer totality than 
the second, which was exposed at the estimate of 10 seconds 
after the plate taken at third contact. This confirms the 
observations made by others that the contacts occurred some 
seconds in advance of the computed times. 
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The continuous spectrum is strong on these plates, and a 
slightly shorter exposure, say of 44 second, might perhaps have 
been better. The continuous spectrum is strongest along the 
center of the spectrum, diminishing slightly toward the edges, 
which are, however, rather sharper than might have been 
expected. At about position-angle 90° there is a very strong 
break lengthwise in the continuous spectrum, of a width of 
0.2mm, on the first plate. This is presumably produced by a 
lunar crater of considerable height and of about forty-five miles 
diameter. The stronger bright lines extend across this gap, 
indicating that their level was high enough not to be obstructed 
by the lunar obstacle. The writer has not taken pains to identify 
this crater. Oddly enough, a number of the dark lines show 
marked distortion where they resume beyond this gap. On the 
second cusp spectrum there is also a conspicuous horizontal gap 
in the spectrum, but the dark lines as well as the bright can be 
seen to cross it, indicating that the Moon moved enough during 
the exposure to uncover that portion of the chromosphere, 
reversing layer and photosphere. 

The first plate covers the region of spectrum from A 4050 to 
X 4430; the second that from A 4025 to A4380; the difference 
is due to the change of 32’ in the incidence of the light, first 
from the east limb and then from the west limb of the Sun, so 
that the images are shifted 10mm on the second plate. All the 
stronger lines on Rowland’s map are shown as dark arcs, in 
many cases terminating in bright tips at the edge of the con- 
tinuous spectrum. It is obviously a matter of the highest 
importance to determine what lines are thus reversed, for upon 
this turns the question of the existence of a thin stratum of 
vapors at the base of the chromosphere, called the reversing 
layer, by the absorptions of which the dark Fraunhofer lines are 
produced, 

It is undeniable that the first impression produced upon the 
examination of the plates is that there are many marked differ- 
ences between the bright line and dark line spectrum, and this 
impression, shared by Professor Hale and the writer, was stated 
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in the Director’s report on the observations at the eclipse (p. 86 
of this volume of this JourNaL). The bright lines most con- 
spicuous on account of their intensity and breadth are not the 
strongest dark lines; a few of the finer bright lines also extend 
across the whole band of continuous spectrum and do not seem 
to merge into any dark line. But a close examination, and still 
better, the measurements detailed below, show that the case is. 
rather exceptional when a strong dark line does not terminate in 
a bright one. The most conspicuous bright lines in the region 
of spectrum here covered are the hydrogen lines Hy and H6, 
the strontium lines at X4077.9 and 4215.7, the calcium line at 
4226.9, the line at X4177.7 (perhaps due to iron), a line of 
uncertain origin at 44233.3, the scandium line at A 4320.9, and 
the chromium line at 4351.9. These have all been long known 
in the ordinary chromospheric spectrum, and were included in 
Professor Young’s list of lines observed in 1872. Hence it was 
to be expected that these lines would be conspicuous in the 
eclipse photographs. 

An examination of Plate XXII, which is enlarged eight times 
from a portion of the original plate of Cusp II, will show quite 
clearly that very few dark lines can be found, even among the 
great number in the large group from to A 4315, which 
do not terminate in a bright tip. This is the essential point 
in the inquiry as to the existence of the reversing layer. We 
shall return to it in the discussion of the other plates and of the 
identification of the lines by their wave-lengths. 

Many other phenomena of a highly complex nature are indi- 
cated upon these plates taken before and after totality. Weare 
evidently dealing with a superposition of spectra. The bright 
lines which extend across the whole width of the continuous 
spectrum appear in some instances to be of different curvature 
than the dark lines. In some cases the dark lines extend into 
the bright lines with the same arrowhead effect that is often seen 
with the prominence spectroscope; in other instances the dark 
lines merge insensibly into the bright ones. 

It is of interest to examine these plates for any uniform 
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relative displacement of the bright lines with respect to their 
dark counterparts. On the first plate there are many instances in 
which the bright lines fall on the violet side of the dark lines, 
that is, on the convex side, but there are several exceptions to 
this. On the second plate, taken after third contact, many of the 
bright lines also appear to lie toward the violet of the dark lines, 
here on the concave side, but also with numerous exceptions. 
The displacement, where evident, would seldom exceed 0.1 
tenth-meter in amount. For studying this point, a slit spectro- 
graph, which avoids the disturbing effect of the curvature of the 
lines, would seem to the writer more suitable, especially if a 
metallic spectrum with numerous lines is simultaneously recorded. 
on the plate. In view of the inconstancy of this effect of dis- - 
placement on the plates here described, it does not seem advisa- 
ble to base any theoretical considerations upon it. 

In the case of the very large bright Hy line we have an 
effect similar to a double reversal; for about the central half of 
the length of the arc the dark line appears, running out in each 
direction into a point, from a width at the middle of the arc of 
about one third of the width of the bright arc. 


FLASH SPECTRA AT SECOND AND THIRD CONTACTS. 


1. Plates taken with the prism-train.—These two plates 
cover the same range as the corresponding cusp plates. The 
first records no continuous spectrum, and hence no dark lines; 
the bright lines merely show a thickening at the parallel along 
which the contact occurred. Possibly the exposure was made a 
trifle too late. The second plate, at any rate, which received 
quite a band (1.5 mm wide) of continuous spectrum, shows many 
more lines. The exposures were intended to be of two seconds 
each. Dr. Isham’s impression was that the exposure at the first 
flash was perhaps slightly prolonged beyond the two seconds. 
Eighty bright lines are given in the tables below as measured 
on the first plate, and 265 on the second. The second plate, 
enlarged three times, was reproduced in the July number of the 
ASTROPHYSICAL JOURNAL (Plate IX, Fig. 1, of this volume). The 
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streak of continuous spectrum on that plate represents an arc of 
about 17°. At about position angle 263° the continuous spec- 
trum was interrupted, presumably by a lunar crater. 

Just beyond the continuous spectrum, at about position 
angle 255°, there is a very marked distortion of the bright lines, 
which may be seen on the reproduction (opposite p. 85). It 
averages about 0.3 tenth-meter, corresponding to a velocity of 
recession of about 20 km per second. 

Dark lines are very inconspicuous on this plate. This note 
was made during the measurement of the ten bright lines at the 
extreme end of the plate toward violet: ‘‘ All seem to be at the 
violet edges of dark lines.”” Between A 4081 and A 4086 “ numer- 


. ous dark lines’’ were noted. Measures were made on five dark 


lines, as follows: 


Fine Fine Fine ? Fine Quite strong 
A 4143.8 4150.2 4159.1 4159.6 4168.5 
4168.03 2 
Rowland § 4143-57 4 4149.92 2 4158.96 4159.35 4168.13 
4143.66 2 4168.78 


These lines are not conspicuous in the solar spectrum. They 
evidently originate at a very low level. The roughly uniform 
difference of wave-length from Rowland’s value is a numerical 
confirmation of the above statement that the bright lines lie at 
the violet edges of the dark lines. 

The solar prominence at position angle 217° is faintly shown 
on these plates; on the grating plates it is conspicuous, and the 
other larger prominences at the date are also seen. 

2. Plates taken with concave grating.—The total range of 
spectrum included on these plates is from about A 3700 to A 5200, 
but owing to the necessity of using a flat plate the focus is suf- 
ficiently good for satisfactory measurement only from 44200 to 
4900, the lines in which region are included in a subsequent 
table. The H and K lines are very strong and broad, and about 
twenty lines, chiefly of the hydrogen series, may be seen beyond 
K toward the violet, terminating with H7. 

The exposures were intended to be of two seconds each, but 
it was recorded immediately after totality that the first was 
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perhaps underexposed. As will be seen from the reproduction 
(enlarged 3.4 times), Plate XXIII, Fig. 1, the first plate only 
received a very slight streak of light, if any, from the photo- 
sphere. (Inthe parts in best focus this band can be almost 
entirely, if not wholly, resolved into lines.) The second plate 
(Fig. 2) shows a band indicating that a meniscus of about 25° 
of photosphere affected the plate before the end of the exposure. 
A few dark lines appear at the ends of the plate, but not in the 
central part. Both plates exhibit a broad band of continuous 
spectrum, slightly greater than the Sun’s diameter, which is 
doubtless due to the inner corona. This band contains certain 
horizontal streaks of greater intensity, which seem to corre- 
spond exactly to those shown on the plate of the corona, of 
which a figure is given on page 349. 

We may obtain an inference as to the height of the strata 
producing the bright arcs from the measurement of the angular 
extent of the arcs. The lengths of some of the more conspicu- 
ous arcs have accordingly been roughly measured, and are col- 
lected in the following table, together with the approximate 
elevations of the strata deduced from the arcs of the flash spec- 
tra. In calculating these values the Sun’s semidiameter was 
taken as 946'6, and that of the Moon, augmented, as 968‘9. 


APPROXIMATE LENGTHS OF CERTAIN BRIGHT ARCS, 


| 
Plate He | Hy Se Cr Cr |\Fepair| Y? f Ca Sr | Hé Sr 
447% | 4340 | 432 | 4274 | 4254 | 4250 | 4247 | 4233 | 4226 | 4215 | 4102 | 4078 
Prisms— 
Cusp I 80° 60° | 55° | 60° 80°} 75° 
Cusp IT 90 | 55 55 60 | 65 | 7o | 65 70 90 | 85 
Fiash I 40 10 45 | 35 45 60 85 65 
Flash II 100 | 50 45 50 | 30 55 | 45 55 65 100 | 95 
Grating— 
Flash I 100 | 95] 45 35 45 55 | 45 50 60 80 50 
Flash II 105 | 110 | 45 45 50 55 | 45 55 70 100 75 
height 3" |<%"| 2 2 2 


The arcs for the greater number of lines are not longer than 
those of the iron pair at 44250, whence we may safely infer that 
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the elevation of the strata producing most of the bright lines is 
less than 1" above the solar photosphere. 


MEASUREMENT OF THE PLATES. 


The negatives were measured with the Zeiss Comparator, 
No. 873, principally used by the writer for the measurement of 
stellar spectra. The instrument has a scale graduated to 0.2mm, 
which moves with the plate and may be read by a second micro- 
scope and micrometer to one micron (0.00l1mm). A magnify- 
ing power of 13 was commonly employed in the microscope with 
which the plate was observed. The length of the spectrum 
included on the plates taken with the prism-train was 75 mm. 
‘On the plates taken with the concave grating the focus was suf- 
ficiently good for measurement over about 40mm. The linear 
-scale of the prism plates was slightly more than four times that 


-of the grating plates for the region between 4340 and A4215. 


Either two or four settings were made on each line, the line 
ibeing alternately brought under the micrometer “thread” (a 
line ruled on the glass reticle extending half way across the 
field) from the left and from the right. The parallel, or line 
in the direction of the length of the spectrum along which the 
settings were made, was so selected that both the short and the 
long bright lines could be measured, without involving the end 
-of the “thread” or pointer in the streak of continuous spectrum 
near the center of the two plates of the second flash, and on the 
‘two plates of the cusp. There were no such streaks of continu- 
ous spectrum on the two plates of the first flash, so that the set- 
tings were made on the parallel through the center of the 
‘spectrum, or at the solar position angle of the point of second 
contact, computed to be 68°. The measurements of the second 
flash (prism plate) were made at about position angle 278°, and 
on the grating plate at about 269°. The lines in the spectrum 


of the cusp ten seconds before totality were measured at about 


100°, and on the cusp after totality at about position angle 240°. 
On account of the peculiar tendency of the crescents to shade 
off from sharpness on the side toward the red to diffuseness 
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on the side toward violet, both for plates taken with prisms 
and with the grating, it became necessary to make the settings 
on the red side. Thus the settings were made on the convex 
sides of the crescents on the plates taken at third contact and on 
the cusp plate following. Hence unless the crescents or lines are 
all of equal width, a systematic correction has to be applied to 
the wave-lengths of the lines on those plates, in order that they 
may not be in error by an amount corresponding to the thick- 
ness of the stratum producing the line or crescent. However, 
as the measures were made along parallels at some distance from 
the position angle of third contact, most of the crescents run to 
a point, and the correction therefore depends upon the thickness 
of the standard lines at the parallel. 

The estimates of the intensities of the lines were made as the 
lines were measured, and are of course quite rough. Both the 
intensity proper, for a given width of line, and the whole 
width, enter into the estimate, which might perhaps be regarded 
as the product of intensity and width. The scale is purely 
arbitrary, a line just fairly visible being recorded as of intensity 
10, while for the large hydrogen crescents the estimate runs up 
to 500. The range of width X intensity is much larger for the 
chromospheric lines than for the dark lines of the solar spectrum. 
Despite the difference between this scale of intensity and that of 
Rowland’s table, the comparison of the two is not at all difficult, 
and an examination of the table will show that the majority of 
strong lines of the chromosphere are also strong on Rowland’s 
map. 

REDUCTION OF THE PLATES. 

The measures on the plates obtained with the objective-prism 
were reduced to wave-lengths by the use of the Cornu-Hartmann 
formula. There was considerable embarrassment in selecting 
the three standard lines on which the interpolation formula is 
based. From the experience of other observers of eclipse 
spectra it was inferred that it was unsafe to assume the identity 
of any but a few of the most conspicuous chromospheric lines, 
especially those of hydrogen. But these lines were very broad 


pe 
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and diffuse toward the violet, involving a considerable correc- 
tion for the plates of the second flash and second cusp. In spite 
of this it seemed necessary, however, to adopt as standards lines 
whose identity was unquestioned, and the choice was made of 
Hy (4340.63) and the two very strong strontium lines at 
X 4215.70 and X4077.89. On account of its fracture near Hy the 
plate of the first flash had to be reduced in two parts, the strong 
iron line at 44325.94 being used with the two strontium lines 
for standards for the larger part of the plate, while for the end 
toward red, containing only about a dozen bright lines, the iron 
lines at 1. 4383.72 and A 4404.93 and the titanium line at 4417.88 
served as standards. Measures on the other plates confirmed 
the correctness of the identification of these strong lines of the 
Fraunhofer spectrum with the bright lines on the plate. 

In the case of the plate of the solar cusp taken ten seconds 
before totality, dark lines had to be used as standards. They 
were, for the violet side of the plate, 44071.91, 4132.24, and 
4271.93; for the other part of the plate 4308.02, 4325.94, and 
4415.29. By basing the wave-lengths of this plate upon the 
dark lines as standards, a slight lack of homogeneity is intro- 
duced, involving a difference in these wave-lengths of the. order 
of any possible displacement of the bright lines with respect to 
the dark. But as there appeared to be no differences which 
would affect the result by more than a very few hundredths of a 
tenth-meter, these values of the wave-lengths have been given 
the same weight as the others in taking the final mean. 

The numerical value of the correction to be applied to. the 
wave-lengths of Flash II and Cusp II, on account of the fact 
that the measures were made on the convex instead of the con- 
cave side of the crescents, or at the top instead of the base of 
the strata of which the crescents are the images, was determined 
from measurement of the thickness of the crescents of the stand- 
ard lines at the parallel along which the settings were made. 
From these measures correction curves were drawn, varying from 
+0.13 to + 0.24 tenth-meters for Cusp II,and from +0.17 to 
+0.25 for Flash II, increasing from the end of the plate of 
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shorter wave-lengths. These corrections were found to be in 
good agreement with the values suggested by the systematic 
differences between the wave-lengths of Flash I and Flash II. 
In the case of the broadest lines, whose width was a considerable 
fraction of that of the three standard lines, the amount of the 
correction was diminished by a quantity depending upon the 
actual thickness of the line in question as measured on Flash I, 
on which plate the settings were made on both edges. In the 
case of the grating plate of the second flash a constant correction 
of + 0.2 tenth-meter was applied. 

After the tables had been made out in the form given below, 
and many of the finer lines had been identified with dark lines 
of Rowland’s tables, new formulae were calculated for the 
violet ends of the plates of Flash II and Cusp II, narrow lines 
being used as standards. The wave-lengths thus determined 
accorded so closely (usually within five hundredths of a tenth- 
meter) with the ‘adopted wave-lengths” of the table, that the 
tables were left unchanged. 

On account of the smaller linear dispersion of the plates 
taken with the concave grating, and on account of the falling 
off in sharpness of focus on both sides of the center of the 
plates, due to the necessary use of plane instead of curved plates, 
a lower degree of accuracy was to be expected in the determina- 
tion of wave-lengths with the grating than with the prism-train. 
Accordingly it seemed undesirable to reduce the grating plates 
by any more elaborate process than by treating each in three 
sections, through each of which the spectrum was assumed to be 
normal. Fourteen lines were selected as standards, as follows: 
X4215.70 (Sr), 4226.90 (Ca), 4274.96 (Cr), 4289.88 (Cr), 
4307.90 (Ca), 4383.72 (Fe), 4471.65 (He), (Hy was used instead 
of %4383 on Flash I), 4501.44 (77), 4554.21 (Ba), 4563.94 
(77), %4572.16 (77%), 4713.25 (He) and 4861.53 (H8). The 
constants a and 6 of the linear equation A = ax +6 were deduced 
by least squares for each section. The residuals for the stand- 
ard lines of the middle section average for Flash I, 0.05 tenth- 
meters; for Flash II, 0.08. For the outer sections the residuals 
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are larger, averaging for the section toward violet 0.21, and for 
the section toward red 0.24. Hence the wave-lengths of the 
few lines beyond 4 4600 (toward the red) may be uncertain by a 
considerable fraction of one tenth-meter. 


DESCRIPTION OF THE TABLES. 


The results of the measures are collected in the following 
tables. The first eight columns contain the wave-lengths as 
deduced from the measurement of the four plates concerned 
(before any systematic corrections have been applied) with the 
intensities of the lines as roughly estimated on a scale as 
described above. The column entitled ‘adopted wave-length”’ 
represents the mean of the different values, after the systematic 
corrections had been applied to the measures on the plates of 
the second flash and second cusp. The last three columns, giv- 
ing the comparison with the dark line, or Fraunhofer spectrum, 
are extracted from Rowland’s “Table of Solar Spectrum Wave- 
lengths” published in this JouRNAL, Vols. I to V, except that the 
wave-length of the helium lines, which are not visible as dark 
lines in the solar spectrum, are taken from the paper by Runge 
and Paschen (this Journat, Vol. III, p. 3). In this comparison 
only the stronger lines from Rowland’s table which fall within 
0.2 tenth-meter (or usually less), and for which the identification 
seems tolerably certain, have been given. Many more of the 
lines could be identified with fainter lines of Rowland’s list, but 
with less certainty as to the identity, and doubtless quite a num- 
ber of the identifications given above are incorrect, based upon 
an accidental coincidence of the bright and dark lines. 

The letter h signifies that the bright line was hazy or diffuse ; 
v h that the line was very hazy; | that it was a long line or arc; 
s denotes sharp, and d double. Rowland’s scale of intensities 
runs from I, a line just clearly visible on his map, to 1000 for the 
H and K lines. Below 1 the scale of faintness proceeds from o 
to 0000. N indicates that the line is not clearly defined or that 
it is much weaker than it should be for its breadth. Where two or 
more elements are given under the column entitled Substance, 
the solar line is compound. 
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BRIGHT LINES MEASURED ON SPECTRA 
Flash II Cusp Il Flash I 
A I A I N I 
4024.3 6vh 
4024.8 8 
4026.2 4026.1 
4028.1 35s 4028.2 20 
4029.5 
4031.5 30 4031.6 15 
4032.8 50 
4034.3 60 
4035.4 60 4035.5 
4040.6 50s 4040.6 30 
4042.8 60 h 4042.8 | 8 
4044.3 8 
4045.7 200 4045.5 hl 
4048.6 40 4048 .6 
4053.7 I2s 
4054.8 40 4054.8 
4058.8 25 
4061.0 4061.0 15 
4062.4 8 
4063.6 50 
4066 .6 6 
4067.9 10 
4071.8 60 4071.8 40 4071.7 40s 
4075.8 15 
4077.89 200 4077.89 | 300 4077.89 200 s 
4078.4 15 
4081.2 10 4081.3 
4086.3 15 4086.4 9 
4086.8 30s 4086.8 17s 
4090.5 12 
4091.4 4 
4092.4 30h 4092.4 12 
4096.1 15 
4096.7 6d 
4098.1 4 
4093.2 5 | 
4098.6 6 
4102.2 500 4102.1 | 400 4102.2 400 
4103.0 25 4103.0 17 
4104.2 15s 4104.2 | 12 
4107.5 40d? 4107.6 12d? 
4109.5 30 vh 4109.2 20 
4109.9 Io 
4110.6 60 h 4110.6 | 20 h 
4111.4 20s 4111.4 fe) 
4111.8 8 
4113.8 10 
4114.6 20 4114.5 
4115.4 30 h 4115.4 h 
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TAKEN WITH PRISM-TRAIN, 


Comparison with Rowland’s Table 


Adopted 
Wave- length 
Substance 
4024.4 Fe 2 
7i 3 
4024.9 Fe 4 
4026.28 He 
4028.28 
4029.6 
4031.70 
4032.9 Fe 
4034.4 
4035.60 
4040.75 Fe 3 
4042.93 Cr, Nd 0 
4044.4 
4045.76 Fe 30 
4048.76 
4053.9 Fe-7i 3 
4054.98 fe 3 
4059.0 Fe, Cr 3 
4061.18 Nd- 3 
4062.6 Fe 5 
4063.8 Fe 20 
4066.8 
4068 .1 Fe-Mn 6 
4071.88 Fe 15 
4076.0 Fe 3 
4077.89 Sr 8 
Fe 4 
4078.6 Ti 
4081.43 
4086.52 Co- 3d? 
4086.99 La I 
4090.7 
4091.6 Fe 3 
4092.6 Fe 2 
4096.3 Fe 3 
4096.9 
4098.3 
4098.4 Fe 5 
4098 .8 Ca? 4 
4102.11 H 4 
4103.20 Si, Mn 5 
4104.40 Fe 5 
4107.76 Ce-Fe-Zr 5 
4109.57 Fe 3 
4110.1 Fe 3 
4110.81 Co 4 
4111.63 
4112.0 V 4 
4114.0 
4114.73 Fe 


4115. 
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Cusp I 
A I 
| | 
| 
| 
4077-9 150 | 
| 
| 
ah 
4101.9 300 | 2 
| 4 
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Flash II Cusp II 
A I A I 
4118.8: 4118.6: h 
4119.4 10s 
4119.9 7 | 
4121.1 3 
4121.4 20 4121.4 | 15 sl 
4122.8 4122.8 12 
4123.2 18 4123.4 25 sl 
4124.0 8 4124.0 8 
4124.9 h 4124.9 15 
4125.7 5 
4126.6 8 
4127.7 8 4127.4 h 
4128.1 12 4128.2 h 
4128.8 15 4128.8 6 
4129.6 4129.3 7 
4129.8 30 4129.9 20 
4130.7 15 4130.8 8 
4132.2 h 4131.8 8d? 
4132.8 10 
4133.4 6 
4133.9 20 4134.0 6 
4134.8 40 4134-7 20 
4135.5 10 4735-5 5 
4137.1 20 4137.1 3 
4139.0 6 4139.1 2 
4139.6 10 
4140.5 8 4140.8 4 
4142.9 7 
4143.2 7 4143.2 7 
4143.9 15 
4146.3 60 
4147.7 7 4147.8 30 
4149.3 40s 4149.4 18 
4150.0 dark line 4150.0 9 
4151.0 30s 4150.9 5 
4152.2 80h 4152.1 121 
4154.8. 50 4154.6 4 
4156.2 40 4156.3 20h 
4156.8 15 
4158.1 15 
4160.4 3 
4161.3 9 
4161.6 80h 4161.6 5 
4162.0 5 
4162.6 10 4162.3 5 
4163.7 50 4163.8 12 
4164.3 12 


4120. 


4132. 


4143. 


4149.: 


4156. 
4156. 


4161. 


4162. 
4163. 
4163. 
4164. 
4165. 
4165. 
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Cusp I 
| 
4129.9 20 
4134.7 10 
4156.2 20 


Comparison with Rowland’s table 


Adopted 
wave-length 
A Substance 1 
4118.71 Fe 5 
Co 
4119.6 
4120.1 
4121.3 
4121, 36 4121.48 Cr-Co 6d? 
4123.00 
4123.38 La 12 
4124.19 
4125.10 
4125.9 4125.78 Fe 3 
4126.8 4126.67 Cr 2 
4127.72 4127.77 Fe 4 
4128.37 4128.25 v- 6d? 
4129.01 
4129.65 4129.62 2 
4130.01 
4130.92 4130.80 Ba 2 
4132.19 4132.24 Fe 10 
4133.0 4133.06 Fe 4 
4133.6 4133.76 Fe 2 
4134.11 4134.01 Fe 3 
4134.86 4134.84 Fe 5 
4135.69 
4137.31 4137.16 Fe 6 
4139.25 4139.24 o 
4139.8 
4140.84 
4143.1 
4143.41 
4143.99 4144.04 Fe 15 
4146.5 
4147.87 4147.84 Fe 4 
4149.47 4149.53 Fe 4 
4150.2 
4151.18 4151.13 Lr, Tt I 
4152.35 4152.34 = 3 
4154.67 
4154.98 Fe 4 
4156.34 4156.39 Zr I 
4156.84 4156.83 I 
4158.3 
4160.6 
4161.19 4161.24 2 
4161.81 4161.68 4 
4162.2 
4162.69 4162.62 IN 
4163.4 
4163.86 4163.82 Ti, Cr- 4 
4164.55 
4165.1 


4165.8 
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Flash II | Cusp II Flash I 
a I | A I A I 
| 4167.3 4 4167.1 8 
4167.6 4 
4168.2 6 
4171.1 20 417U.1 15 
4172.0 80 4172.1 15 4171.9 30 
4173-5 50 4173.6 4173-5 35 
4174.8 5 
4175.4 Ioh 4175.6 6 
4175.7 Ioh 
4176.6 3d? | 4176.6 7 
4177.6 70 4177-7 40 4177. 40 
4179.0 60 | 4179.0 15 4178.9 25 
4179.5 45 4179-4 12 
4180.9 6 4181.0 9 4180.9 4 
4181.8 15 4181.8 15 
4182.2? | 8 4182.5 10 
4182.8 8 
4183.3 6 
4184.1 7 4184.0 7 
4184.3 | 7 4184.4 8 
4185.0 15 4185.0 12 
4185.3 4 4185.4 4 | 
4186.1 5 
4186.6 12 4186.7 10 
4187.2 15 4187.1 15d? 4187.0 9 
4188.0 20 4187.9 15 4187.7 4 
4188.7 10 
4189.5 12 4189.6 8 
4190.1 3 4190.0 6 
4190.6 5 | 4190.7 6 
4191.0 5 
4191.6 40 4191.5 15 4191.3 6 
4192.0 
4193.1 5 
4193.7 3 
4194.8 7 4194.9 5 
4195.2 6 
4196.4 6 4196.6 7 
4198.4 20 4198.7 8 
4199.2 20 4199.3 7 4199.1 12 
4200.6 25d 
4202.1 40 4202.1 25 
4202.9 18 4202.8 6 
4203.9 15 4204.1 4 
4205.0 35 4205.1 15 
4206.6 10 4206.7 7 
4207.2 
4209.0 20 4209.1 12 4208.9 8 
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Cusp | Comparison with Rowland’s Table 
Adopted 
Wave-length 
A I A Substance I 
4167.31 4167.44 8 
4167.6 
4168.2 
4171.30 4171.21 7i,- 4 
4172.15 4172.07 Ti, Fe 2 
4173-75 4173.71 a 
4175.0 4175.08 Fe 5 
4175.74 4175.81 Fe 5 
4175-9 
4176.80 4176.74 Fe-Mn 5 
4177.70 Fe 3} 
4177.77 3 
4179.08 4179.02 3 
4179.69 4179.54 V,- 3d? 
4181.67 4180.97 c 2N 
4182.02 4181.92 Fe 5 
4182.6 4182.55 Fe 3 
4183.0 
4183.5 
4184.28 4184.16 4 
4184.58 4184.47 2 
4185.19 4185.06 Fe, Cr 4 
4185.61 
4186.3 
4186.87 
4187.27 4187.20 Fe 6 
4187.94 Fe 5 
4188.04 at 
4188.9 4188.89 
4189.77 4189.72 C,-- 2 
4190.30 4190.29 Cr oN 
4190.88 4190.87 C, Co tNd? 
4191.2 
4191.68 4191.60 Fe 
4192.0 
4193.3 
4193.9 4193.96 Cc o 
4195.07 4195.01 Cr I 
4195.49 Fe 5 
4195.7 12 4195.60 
4196.73 4196.70 La 2 
4198.66 4198.56 3 lines, 2 Fe| 4, 4,3 
4199.35 4199.27 
4200.61 i I 
4200.8 
4202.22 4202.20 Fe 8 
4203.06 
| 4204.01 4204.10 Fe 3 
4205.1 20 4205.23 4205.24 I 
4200.9 15 4206.88 
4207.4 
4209.14 4209.14 Zr I 
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Flash II Cusp II Flash I 
A I rN I A | I 
4210.4 30 
4211.9 25 4211.8 12 
4213.7 15 4213.6 7 
4214.9 12 
4215.7 100 4215.7 40 4215.7 
4217.5 vh 4217.2 6 
4217.6 7 
4218.5 6 4218.4 5 
4219.3 18 4219.4 12 
4220.3 12 4220.3 15 
4221.4 6 
4222.5 vh 4222.5 group 
4223 0 6 
4224.0 5 
4224.3 6 4224.2 6 
4225.2 6 4225.4 15 
4226.8 100 4226.8 50 4226.8 100 
4227.4 20 4227.4 15 
4230.9 8 4231.1 8 
4232.4 4 
4233.2 90 4233.2 40 4233.2 30 
4233-5 5 4233.6 5 
4235.2 12 4235.2 10 4235.3 
4236.0 40 4235.9 12 4236.0 9 
4237.2 4 
4237.9 8 
4238.6 8 4238.4 5 
4238.8 9 
4239.8 15 4239.8 10 
4242.4 | 4242.5 15 
4243.1 8 4243-4 I 
4245.1 12 4245.1 8 
4245.8 | 10 4246.0 
4246.8 75 4246.9 35 4246.9 80 
4247-3 | 10 4247.3 7 
4248.1 10 
4250.1 | 18 4250.1 12 4250.1 15 
4250.6 | 25 4250.7 12 4250.8 15 
4251.6 8 4251.8 7 
4254-3 80 4254-3 25 4254.4 50 
| 4254-9 8s 
4255-5 6 
4256.1 II 4256.3 6 
4257.0 4 
4257-5 7 
4258.0 20 4258.2 10 
4258.9 6 
4259.1 4 
4260.4 40 4260.4 20 4260.5 35 
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Cusp I Comparison with Rowland’s Table 
Adopted 
Wave-length 
A I A Substance I 
| 4210.49 Fe 4 
4210.6 4210.56 
4212.09 4212.05 Zr 2 
4213.90 4213.81 Fe 3 
4215.1 
4215.6 4215.70 4215.70 Sr 5d? 
4217.5 
4217.8 4217.72 La, Fe-Cr 5d? 
4218.62 4218.56 -Zr iNd 
4219.52 Fe 4 
4219.59 4219.58 3 
4220.3 4220.46 4220.51 Fe 3 
4221.6 4221.63 IN 
4222.74 
4223.0 30 4223.1 
4224.2 
4224.47 4224.34 Fe 4 
4225.52 4225.62 Fe 3 
4226.6 40h 4226.82 4226.90 Ca 20d? 
4227.67 4227.61 Fe 4 
4231.24 4231.18 Ni 4N 
4232.6 
4233.3 4233.28 4233.33 Mn-Fe 4 
4233.78 4233-77 = 6 
4235.30 n 4 
4235-37 4235.45 Mn 3 
4236.10 4236.11 Fe 8 
4237.4 4237.34 Fe 3 
4238.1 4238.19 Fe 3 
4238.73 
4239.0 4238.97 fe 5 
4240.03 4240.01 Fe 3 
4242.67 4242.62 2 
4243.52 I 
4243.50 4243.61 Fe 3 
4245 .37 4245-42 Fe 4 
4246.0 
4247.0 4246.97 4247 .00 Y? 5 
4247 .56 4247.59 fe 4 
4248.3 4248.38 Fe 2 
4250.24 4250.29 Fe 8 
4250.89 4250.95 Fe 8 
4251.93 
4254.7 4254.51 4254.51 Cr 8 
4255.1 4255.13 Fe 2d? 
4255.7 4255.66 Fe, Cr I 
4256.44 
4257.2 
4257-7 
4258.32 
4259.1 4259.11 Fe 2 
4259.3 
4260.61 4260.64 Fe 10 
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Flash II | Cusp II Flash I 
A I a I aA I 

| 

4261.2 12 
4261.8 25 | 4261.9 10 

| 4262.6 4 

4263.0 3 
4265.6 ?12 4265.9 7 
4266.8 20d? 
4268.5 8 4268.3 
4269.9 7 

4271.0 20 4271.2 15 4271.1 9 
4271 7 25 4271.7 35 4271.8 40 
4272.7 6 
4273.2 20 4273.2 6 
4274.7 75d? 4274-7 30 4274.8 60 
4275.4 20 4275.5 8 
4277-3 
4277.9 6d? 4278.0 3 
4279.6 8 
4280.5 5 
4282.2 25 4282.4 4282.5 12 
4282.7 10 4282.8 15. 
4284.0 12 4284.0 6 
4284.6 3 
4285.2 8 | 4285.3 5 
4285.8 6 
4286.2 8 4286.4 5 
4286.6 3 
4287.7 25 4287.8 25 4287.7 12 
4288.4 6 4288.6 
4288.7 4 
4289.6 40 4289.7 10 4289.7 50 
4290.1 40 4290.2 20 4290.3 25 
4290.9 12d? 4290.8 12 
4291.8 10 4292.0 18 
4292.9 7 4293.0 7 
4293.9 70 4294.0 4294.2 60 
4294-5 7 
4294.9 5 
4295.8 7 4295.6 15 
4296.6 20 4296.5 20 4296.5 6 
4299.0 5 
4299.9 60 4299.9 20 4300.1 50 
4301.7 40 4301.7 15 4302.0 25 
4302.2 12 4302.5 8 
4302.8 15 4303.0 12 4302.6 
4303.9 5 4303-4 8 4303.2 12 
4304.2 5 4304-4 10 
4305.4 40 
4306.5 10 4306.6 12 
4307.8 50 4307.8 15 4308.0 45 
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Cusp I, Comparison with Rowland’s Table 
Adopted 
Wave-length 
A I A Substance I 
4261.4 | 4261.38 2 
4262.09 4262.09 I 
4262.8 
4263.2 4263.29 Ti, Cr 2 
4266.0 4266.08 Mn 2 
4267.0 4267.12 Fe 3 
4268.65 
4270.1 
4271.24 4271.33 Fe 6 
4271.89 4271.93 Fe 15 
4272.9 
4273-48 4273-48 Fe 3N 
4274-93 4274.96 Cr 7d? 
4275-72 
4277-5 
4278.21 
4279.8 4279.87 2Nd? 
4280.7 
| 4282.50 4282.57 Fe 5 
4282.88 4282.86 7i 
4284.22 Mn, V 
4284.27 2Nd?5. 
4284.8 4284.84 Ni 
| 4285.53 1/ 
4285.50 | 4285.61 Fe 35 
4286.0 i 
4286.58 4286.63 3N. , 
4286.8 
4287.91 4288.04 Tt 2 
4288.7 
| 4288.9 
4289.82 4289.89 5 ‘ 
4290.34 4290.38 Tt 2 
4291.11 4291.11 71 3 
4292.15 4292.14 
4293.17 4293.19 2 
4294.5 4294.41 4294.30 Fe 5 
4294.7 
4295.1 
4295.91 7, £2 
4296.4 4296.72 4296.74 3 
4299.2 4299.15 Ca 3 
4300.49 4300. 36 4300. 38 | Mn re) 
4301.96 4302.09 2 
4302.3 4302.31 4302.35 Fe 2 
4302.95 4302.91 2N 
4303.70 4303-75 J 
4304.51 4304.55 I 
4305.6 4305.61 Fe, So, TZ, Cr 3 
4306.80 4306.86 2 
| § 4307.91 Ca 3 
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Flash II Cusp II Flash I 


rN I A I A I 
4308.6 5 
4309.4 30 4309.4 30 4309.8 12 
4309.9 
4311.1 3 4311.4 6 
4312.7 40 4312.8 25 4313.0 
4313.3 8 4313.5 8 
4314.0 40 4314.0 20 4314.3 40 
4314.9 40 4314.8 30 4315.1 35 
4316.5 12 4316.6 6 
4317.0 6 
4318.5 20 4318.7 12 4318.8 4 
4319.5 6 
4320.7 60 4320.7 Sol 4320.9 45 
4321.3 12 4321.6 8 
4322.8 7hd? 4323.0 
4324.8 40 4324.9 20 4325.1 20 
4325.6 50 4325.6 30 4325-9 55 
4326.8 15 
4327.6 7h 4327.8 10 
4330.5 30vh 4330.5 h 
4331.2 Ish 
4332.7 6 
4333-5 25 4333.6 18 4333.0 15 
4334-4 12 
4335.8 8 
4336.6 15 4336.1 6 
4337-6 255s 4337-7 20 
4339.2 12 
4340.63 400 4340.63 400 
4341-4 ?3 4341.9 8 
4342.9 10 4342.9 6 
4343-3 5 4343-4 5 
4343-7 5 
4344 50 4344.2 25 


: 
| 
| 
| 
| 
4345.6 Sh 
4348.6 7 
a 4351.5 60 4351.6 40 
4352.4 40 4352.6 30 
: 
4354.2 15 4354.3 12 
ee 4357-7 4357-9 
4358.4 20h 4358.5 
4359-4 40 4359-5 30 
4359.8 Ish | 
4361.6 15 
Ja 
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Cusp I 
A I 
4313.4 10 
4314.12 10 
4315.2 20 
4319.2 15 
4321.0 25 
4325.9 151 
4338.2 15 
4339-4 10 
4351.8 151 


Adopted 
Wave-length 


4308.8 

4309.71 
4310.1 

4311.50 
4312.99 
4313.55 
4314.36 


4315.28 


4316.79 
4317.2 
4319.02 
4319.7 
4323.06 
4321.72 
4323.1 
4325.18 
4326.03 
4327.0 
4328.06 
4330.71 
4331.4 
4332.9 
4333-54 
4334.6 
4336.0 
4336.6 


4337.99 


4339.42 
4340.63 
4342.1 
4343.17 
4343.56 
4343-9 
4344-42 
4345.8 
4347-7 
4348.8 


4351.79 


4352-75 
4353-7 

4354.47 
4358.0 

4358.70 
4359-72 
4360.0 
4361.8 


Comparison with Rowland’s Table 


A Substance I 
4308.76 2Nd? 
4313.03 Ti 3 

| 
4314.25 Se 3 
14 Ti 
4315.26 Fe 45 
4318.82 Ca, Mn? 4 
Se 4 
4321.12 2 
4325.15 Se 4 
4325.94 Fe 8 
4328.08 Fe 2 
{ 4337-95 Sr ? 00 } 
1 4338.08 Ti 4 
4340.63 H 20N 
4343.86 Fe 2 
4444-45 Ti - 2 
4347.71 
Fe 
4351-93 | 5 
4352.91 Fe 4 
4358.67 Fe 2 
4359.78 | Cr 3 
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Flash II Cusp II Flash I 
a I A I a I 

4362.8 10 

4363.6 6 4364.0 8 

4364.3 8 

4365.9 5 

4367 .3 25h 4367-5 15 

4369.0 12 

4369.3 15 4369.4 25d? 

4370.8 20d? 4370.8 20 

4371.8 4 

4372.4 5 

4373-7 6 

4374-7 60 4374.8 30 4374-5 

4375.6 40 4375.8 20 4375.0 I 

4376.3 5 4376.0 

4376.8 15 

4378.8 30 

4380.3 15 

4381.3 10 
4383.7 20 
4395.2 35 
4399-9 7 
4400.5 5 
4404.9 25 
4415.7 4d 
4416.9 7 
4417.9 12] 
4427.4 8 


TABLE OF LINES MEASURED ON PLATES TAKEN WITH THE 
CONCAVE GRATING. 


The table is in two parts. The first includes thirty-five lines 
in the spectral region covered by both the prism train and the 
grating. All but two of these lines have been given above from 
the measures on the prism plates, and accordingly the compari- 
son with Rowland’s table is not repeated, but the last column 
gives the difference, to the nearest tenth of a tenth-meter, 
between the wave-length found from the prism plates and the 
mean wave-length given in the third column which is obtained 
directly from columns first and second. This difference exceeds 
0.2 tenth-meter in only four cases. When averaged with the 
wave-lengths above obtained on the prism-plates, with the 
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Cusp I Comparison with Rowland’s Table 
Adopted 
Wave-length 
A I A Substance I 


oO 

w 


4367-75 Fe 5 


4369.94 Fe 4 


4375-2 251 4375: 
4376.11 Fe 6 


4383.72 Fe 15 
4395.20, | Ti 3 
4399.94 | Zi, Cr 3 
| 3 


4395-3 25 4395. 


4400.56 
4404.93 


4418.2 12 4418. 4417.88 Ti- 3 


4425.8 7 4425. 


proper weights, the change in the adopted wave-length in the 
previous table would not be affected in any case enough to 
change the identification with lines in Rowland’s table. Two 
lines, at 4 4387.9 and at about A 4398, were not measured on the 
prism plates. They do not appear to be readily identifiable with 
any of the stronger ones of Rowland’s lines. The letter N is used 
to signify the normal or standard lines, fourteen in number, by 
which the wave-lengths were reduced. The Rowland values of 
their wave-lengths are given instead of the values computed 
from the least square solution, which, of course, would differ 
slightly from them. As explained above, a constant correction 
of + 0.2 tenth-meters has been applied to all the wave-lengths 
measured on Flash II. A colon indicates that the measures on 
a line were recorded in the original notes as rough or uncertain. 
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In the second part of this table the comparison with Row- 
land's table is given in the same manner as in case of measures 


on the prism plates. 


BRIGHT LINES MEASURED ON SPECTRA TAKEN 


I. 


GRATING. 


WITH CONCAVE 


LINES ALSO OBTAINED WITH PRISM-TRAIN. 


Flash I Flash II Difference 
Mean A Prisms- Grating 
A I I a 
N go N 70 4215.70 0.0 
N 60 N 45 4226.90 0.0 
4233.3 12 4233.4 30h 4233-4 —O.1 
4246.9 501 4247.2 35 4247.1 —0O.1 
4250.5 7h 4250.2: 3 4250.4: —0O.2 
4254-5 35 4254.5 2558 4254-5 0.0 
4258.1 7 4258.1 +o.2 
4260.7 8 4260.3: 10h 4260.5: +0o.1 
4271.8 18 4271.8 12 4271.8 +0.1 
N 30 N 20 4274.96 oO 
N 45 N 30 4289.88 (0) 
4294.2 25 4294.4 20 4294.3 +0.1 
4300.4 30 4300.2 25 4300.3 +0.1 
4303.3 30 4303.3 [0.0 pair] 
4305.6 5 4305.6 0.0 
N 25 N 25 4307.90 +0.1 
4313.2 II 4312.8 15 4313.0 0.0 
4314-4 14 4314.4 0.0 
4315.3 12 4314-9 35 4315.3 0.0 
4318.6 7 4318.6 +0.4 
4321.0 20 s 4321.1 25 4321.1 —0.3 
4325.8 25h 4325.7 40d? 4325.8 +o.2 
4328.5 151 —0.4 
N 4340.63 0.0 
4344.1 10 s 4344.1 +0.3 
4352.2 30 1 4352.0 45 4352.1 [+-o.2 pair] 
4359.5 Ish 4359-5 +0.2 
4375.1 20 4374-9 25 4375.0 [+-o.1 pair] 
N 4383.72 fe) 
4387.9 10 d 4387.9 — 
4395.2 50 1 4395.3 50 4395.2 +0.1 
4397.8: 8 4397.8: — 
4400.2 25 4400.4 30 4400.3 +0.2 
N 18 4404.8 20 4404.93 0.0 
4417.8 18h | 4418.2 30h | 4418.0 0.0 
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II, LINES BEYOND LIMIT OF PRISM SPECTRA. 


Flash I Flash II | Comparison with Rowland’s Table 
| Mean A 
A I A gy | A Substance I 
4408.1: 8 4408.1 4407.87 Fe 4 
4415.6 12 4415.2 20 4415.4 | 4415.29 Fe 8 
4427.27 7t 2 
4427.5 I2h 4427.2 12 4427.4 pena Fe : 
4429.7 8 4429.7 
4435-0 | 10d? 4435.3. | 10 4435-2 | 
4444.0 40 4444.0 35 4444-0 | 4443.98 Ti 5 
4450.6 18 4450.6 20 4450.6 | 4450.65 Tt? 2 
4454-9 12 4454-9 20 h 4454-9 4454-95 Boy ge 5 
4457.60 27,| 2 
4457.8 5 4457.8 3 
4461.9 7 4461.7 15d 4461.8 4461.82 Fe 4 
4464.6 6 4464.6 12 4464.6 4464.62 Ti? 2 
4468.8 50 4468.8 30s 4468.8 4468 . 66 7% ~ 
N N 100 4471.65 4471.65 He 
4482.1 4482.1 
4489.2 8 4489.2 
4491.4 10 4491.4 
4494-5 -| 8 4494.5 
4496.3: 6d 4496.3: 
N 351 N 351 4501.44 | 4501.44 7i,- 5 
4508.7 7 4508.0 15 4508.4 4508 .66 Fe ?,- 4 
4511.7 4 4511.7 
4515-5 10 4515.3 12h 4515.4 4515.51 3 
4518.0 5 4518.0 
4520 8 4520.3 17 4520.4 4520.40 Fe?,- 3 
522.80 3 
4522 15 4522.7 251 4522.8 pe Ti 2 
4525.0 7 4525.0 4525.31 | Fe 5 
4528.6: 5 4528.6 4528.80 Fe 8 
4534-2 40 1 4534-3 60 4534.2 4534-14 Ti-Co 6 
4549-8 | 401 4550.0 | 55 4549.9 4549.81 Ti-Co | 6d? 
N 501 N 55 4554.21 4554-21 Ba 8 
4556.1 10 4556.1 4556.31 Fe-Cr 4 
4559. 9 4558.83 Cr? 3 
N 94 4563.94 Ti 4 
N 16 4572.16 Ti 6 
| 4580.23 Cr 3 
4584. I 4584.02 Fe- 4 
4588. 2 4588 . 38 3 
4590 I 4590.13 3 
“J 4616.31 Cr 4 
7 
8 
6 
4 
7 
8 
2 
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II. LINES BEYOND LIMIT OF PRISM SPECTRA.—Continued. 


Flash I Flash II Comparison with Rowland’s Table 
Mean A 
A I A I A Substance I 
4651.1 71 4651.1 
4656.8 7 4656.8 
4662.7 Iod 4662.7 
4666.6 15 4666.6 4666.66 Cr I 
4669.6: 12 4669.6: 
4685.8 81 4685.6 81 4685.7 
N N 30 vl 4713.18 4713.18 He 
4804.3 20 4804.3 
4823.0 15 4823.0 
4848.3 15 4247.4 251 4847.9: 
4855.3 8 4853.9: | 201 4854.6: 
N 600 N 4861.63 4861.63 HB 30 
4875.5 | 4875.5 
4924.2: 4924.2: 4924.11 Fe 5 
4934.21 
4934.2: 4934.2: Ba-Fe? 


The number of bright lines included above is 382, of which 
319 were measured on the prism plates; 241 lines, or 63 
per cent. of the whole number have been identified, with a 
pretty high degree of certainty, with 260 of the stronger lines 
of Rowland’s table. We shall obtaina more correct represen- 
tation of the facts if we limit ourselves to that portion of the 
prism plates which were in best focus, namely, from about » 4060 
(from which point toward violet the notes with the measures on 
both Flash II and Cusp II record the focus as “getting poor’’) 
to X 4310. Here we find 230 bright lines, of which 160, or 70 
per cent. are identified with 176 of Rowland’s dark lines. 

This large percentage of identifications was not anticipated, 
in view of the contrary results so far published by Sir Norman 
Lockyer from examinations of the eclipse plates of 1893 and 
1896, nor was it realized in the preliminary examination of our 
own plates; on the completed reduction of the measures it 
appeared, however, as indisputable. 

But we cannot obtain an entirely fair idea of the relationship 
of the bright and dark lines until we consider the percentage of 
Rowland’s dark lines that were not measured as bright on the 
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plates: In the region considered, A 4060 to A 4310, we find in 
Rowland’s table 66 lines of intensity 3 or over, which were not 
measured as bright on these plates, either because of haziness or 
faintness or because they were actually absent. In making this 
count, lines so close to others already identified as to probably 
merge with them on the plates are excluded, and pairs that could 
not be resolved by the prism train are considered as single lines. 
It will be recalled that a line of intensity I is just clearly visible 
on Rowland’s map. If we now exclude from the above 160 
lines, 55 of which were identified with dark lines of intensity 
less than 3, we have 105 remaining for comparison. Thus it 
appears that of 171 of Rowland’s lines 61 per cent. were meas- 
ured as bright on the plates. This represents a minimum per- 
centage, since a special search for the missing lines would 
doubtless reveal many of them as faint objects on the plate. 
Moreover, the two plates most rich in lines had to be measured, 
on account of the continuous spectrum present, at some distance 
from the point of third contact, so that the shorter lines could 
not be expected to appear. Any improvement in the definition 
of the plates or of the exposure time would undoubtedly increase 
the number of bright lines found. 

Hence we reach the very important conclusion that at least 
60 per cent. (and probably many more) of the stronger dark lines 
of the solar spectrum are found to be bright in a stratum not 
exceeding (for the great majority of the lines) 1", or less than 
500 miles in height above the solar photosphere. There is, 
moreover, no reason in general to suppose that this is not equally 
true of the fainter lines. Therefore we may regard the existence 
of a reversing stratum at the base of the chromosphere as fully 
confirmed by the photographs. 

The results here obtained are very different from those 
presented by Sir Norman Lockyer in his Recent and Coming 
Eclipses, p. 111. He there contrasts the 164 and 464 bright lines 
between F and K photographed respectively at the eclipses of 
1893 and 1896, with the total number of lines, 5694, in Row- 
land’s table for that region, and he finds the percentages 3 and 
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8, respectively. It is obvious that the only comparison which 
would be reasonable would be with the number of dark lines 
which his instrument would photograph just before or after 
totality, which would be but a small fraction of Rowland’s 5694. 

The chemical origin of the bright lines identified with 260 
of the lines of Rowland’s table is as follows: iron 102, titanium 
23, chromium 11, and double assignments involving one or 
more of these three, as Fe, Zr or Fe, Cr, 26. Thus 62 per cent. of 
the lines are attributable to these three elements. Five lines are 
due to each of these: Ca, Mn, V; four each to Mi, Sc, Zr; three 
each to H, He, Sr, La, Co, C; two to Ba, and one each to Ce, Nd, 
and Y?. Forty-one of the lines are assigned to no element 
by Rowland. No particular relationship to chemical classifica- 
tion is apparent in these lines: Fe, Zi, and Cr, have atomic 
weights of 55, 50, and 52; but other elements with similar 
atomic weights, as Mn, Co, Mi, are not conspicuous by their 
presence. 

The fewness of the nickel lines might be thought rather sur- 
prising, as Rowland places nickel second in the order of the ele- 
ments in the Sun according to number of lines. This is explained, 
however, by the fact that there happen to be very few strong 
lines of this element in this particular region of spectrum. 

The identification of the three lines assigned to carbon is 
rather dubious, so that we must consider the evidence of the 
plates indecisive in respect to that element. 

Eight lines of the spectrum of helium would fall within the 
range of our plates, but only three are conspicuous, those at 
AX 4026.3, 4471.6, and 4713.3. The lines at X4120.97 and 
X 4143.9 are possibly present; while those at 4169.1 and 
X 4388.1 were not recorded. The line at A 4922.1 would be too 
near the edge of the grating plate for certain detection. 

Of the 66 “missing” lines of intensity 3 or over, 41 are due 
to Fe, 4 to Ca, 3 to Mn,1 to 71, 1 to Ce, 8 are doubly assigned (in 
nearly every case involving Fe), and 8 are not identified by Row- 
land. The case of manganese seems peculiar, for if we examine 
the missing lines over the whole range of the prism plates we find 


> 
2 
| 
| . 
| 
| 
| 
1 
| 
| 
| 
| 
| 
| 
4 
i 
{ 
q 
| 
| 
i 
ae { 
S| 
| 
i 


SOLAR ECLIPSE 347 


not less than 11 strong Mn lines which were not measured as. 
bright, beside some double assignments involving Mn. We 
should infer that the gaseous stratum of that element must lie 
very close to the photosphere. 

It would be of the greatest interest to give a comparison of 
these results with those obtained by parties under Sir Norman 
Lockyer’s direction in 1893, 1896, and 1898, and with those 
deduced from the excellent photographs of Mr. Evershed in 
1898. Unfortunately, however, the wave-lengths of the lines on 
the spectra obtained by these observers, with a discussion of 
their chemical origin, have not yet been published. 

These plates give no evidence of any relationship between the 
bright lines and the “enhanced”’ lines, or lines distinctly more 
intense in the spark than in the arc spectrum, although Sir 
Norman Lockyer has attached much significance to a supposed 
connection between them. Some of the enhanced lines are 
present, and others are not, or at least were not conspicuous. 
enough for measurement. It is quite probable that they afford 
identifications of the chemical origin of some of the lines not 
assigned to any element by Rowland. Taking Lockyer’s recent 
list? of enhanced lines we may perhaps thus ascribe to iron the 
following unassigned lines of our tables above (Rowland’s. 
intensities are added): A 4179.02 (3), 4296.74 (3), 4489.35 (2), 
4491.57 (2), 4508.46 Fe, 4, 4515.51 (3), 4520.40 Fe? (4), 
4522.80 (3), 4556.06 (3). Of the 16 remaining enhanced lines 
of iron in the region covered by prism and grating plates,. 
eleven (A 4048.76 possibly to be excepted) do not occur in our 
table of bright lines; four were already assigned to iron in: 
Rowland’s list, while Lockyer’s 4 4351.93 appears of identical 
wave-length with Rowland’s Cy line of intensity 5. 

In case of titanium, for which Lockyer gives 48 enhanced 
lines within our limits, we may summarize the comparison as fol- 
lows: 17 lines do not appear as bright on the eclipse plates; one 
pair is doubtful; the remainder occur as quite strong lines of the 
ordinary dark line spectrum, and hence would be expected to 
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appear in the reversing layer, as they do. Three lines of our 
table not assigned by Rowland to any element may be ascribed 
to titanium, viz., % 4173.71 (3), 4184.87 (2), and 4590.13 
(3). 

The unassigned lines at 4242.62 (2) and 4284.38 (2 N d?), 
may be attributed to chromium; that at 4205.24 (1) to vana- 
dium; the comparison with enhanced lines of manganese yields 
no results. 

The “missing” bright lines on these eclipse plates also indi- 
‘cated no relationship to the enhanced lines. 


CORONAL PLATE. 


Aside from the use of one red-sensitive plate, without expec- 
tation of securing any impression, but one exposure was made 
to the coronal spectrum, and that with the large dispersion and 
small range of the prism-train. If another observer had been 
available for working the concave grating, a plate would have 
been taken with it, but as the flash spectra were the particular 
objects of our attention, it did not seem safe to jeopardize the 
second flash by any further operations. 

As already stated, the prism train was set at minimum for 
A 4227 with especial view to securing a good image of the coronal 
ring at 44230. The exposure was begun as soon as the plate- 
holder could be adjusted after the exposure to the first flash, 
or from 5 to 10 seconds thereafter, and was continued for about 
30 seconds. An exposure during the whole available time of 
totality would have been more suitable, in view of the appa- 
rent unusual faintness of the gaseous coronal spectrum at this 
eclipse. 

The plate shows a very strong continuous spectrum, obviously 
coronal in its origin, from a source hardly more than 1’ greater 
in diameter than the solar photosphere. The continuous spec- 
trum has apparently superposed upon it several longitudinal 
streaks of still greater intensity. This may be seen in the 
accompanying sketch of the appearance of the coronal ring at 
24230, which represents the streaks and ring in approximately 
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their correct relative intensities on the plate. These streaks 
seem to bear no relation to the position of the prominences, nor 
can they be connected with any details of the inner corona as 
seen on the large scale photographs obtained by Professor Bar- 
nard and Mr. Ritchey. They were noted by Professor Campbell 
on his India plates, and probably by others, 
but a satisfactory explanation of their origin, q 
at least in the present case, is not apparent. \ute 

No dark lines can be detected on the plate. errr — 

The plate shows most conspicuously the [| { \ ug 
chromospheric arcs of Hy, 6, and the stron- ea 
tium radiation at 4078. 

The strontium arc at A4215 is of about “\ 
equal intensity with the coronal ring at 4230. 
The remaining arcs and rings are exceedingly 
faint and almost beyond measurement under a microscope, so 
that the determinations of the wave-lengths cannot pretend to 
any high degree of accuracy. In measuring the plate the set- 
tings were made on the relatively sharp, concave edges of 
the arcs and rings, near the position angle of first contact. Ay, 
H8, and Sr 4078 were the standards used in determining the 
constants of the formula. An approximate measure of the 
extent of the arc is given along with a rough estimate of its 
relative intensity. 


MEASURES ON CORONAL PLATE, 


Arc or ring I | A —— Origin 
20 | 4077.9 | Sr | Chromosphere 
40 | 4102.0 H 
10 | 4215.4 Sr 
ree 8 | 4230.4 ? Corona 
3 | 4311 ? Corona (?) 
50 | 4340.6 #H | Chromosphere 
6 | 4358 ? Corona 


In addition to these arcs and rings faint traces of curved 
markings were noted at about A 4089 (a pair?), 4137, and 4192, 
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but their reality is questionable, and it is not possible to estimate 
their extent as arcs. 

The principal prominences on both limbs of the Sun are visi- 
ble on this plate, and the broken appearance they give to the 
chromospheric arcs is in marked contrast to the uniformity of 
the coronal rings. 

As shown by the sketch, the ring at \ 4230 is nearly of uni- 
form intensity and shows no detail which can be brought into 
relationship with the large scale coronal photographs. It 
impressed itself upon the plate only to a distance corresponding 
to about 40” from the Sun’s limb. 


SUGGESTIONS OF IMPROVEMENTS IN INSTRUMENTAL EQUIPMENT. 


In addition to objective-prism or objective-grating cameras, 
it is desirable that slit spectrographs be employed, with com- 
parison spectra of iron and titanium, in addition to the solar 
spectrum. 

If concave gratings are employed, it is important that the 
plates or films should be bent to the proper radius. 

Assuming that simple apparatus like that described in this 
paper is to be used, instead of elaborate automatic appliances, it 
would certainly be desirable to use a magazine plate-holder of 
quick action, giving a small plate to each exposure rather than 
several exposures on a single plate. Such a plate-holder as that 
described by Sir Norman Lockyer (Recent and Coming Eclipses, 
p. 87), would seem very suitable. 

It would be of decided advantage in the subsequent measure- 
ment and discussion of the plates if each exposing shutter was. 
connected with a chronograph, so that a record could be obtained 
of the exact instant of each exposure. 


CONCLUSIONS. 


In concluding this paper, which has been much more pro- 
tracted than was originally intended, the principal results may be 
summarized as follows: 

The experience, principally of Sir Norman Lockyer and Mr. 
J. Evershed, is confirmed, that useful results may be obtained, 
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without much risk of failure, by the employment of the simple 
objective-prism camera. 

It is shown that the concave grating, used direct, without 
intervention of mirrors or lenses, will furnish sufficiently bright 
images of the flash spectra, and probably of the corona, for 
useful measurement and discussion. 

It appears that spectra photographed with such instruments 
just before or after totality (within about 30 seconds of the 
times of contact) yield quite as valuable results as those taken 
at the precise instants of contact. 

It is demonstrated that the stronger dark lines of the solar 
spectrum are in a large proportion reversed in a narrow stratum 
at the base of the chromosphere, and the evidence indicates that 
this is equally true of the fainter lines. 

The differences in intensities of the bright and dark lines are 
chiefly due to an increase in the intensities of the former, espe- 
cially for such elements as strontium, rather than to a decrease 
in the intensities of the latter. 

The chemical origin of the dark lines which are reversed is 
found in elements which are among those most numerously repre- 
sented in the spectrum. This tends to show that the reversal is 
not an inherent peculiarity of special elements, but rather a 
phenomenon of lines in general. 


YERKES OBSERVATORY, 
December 4, 1900. 


| 
Pa 
{ 
| 
i 
4 
q 


CELESTIAL PHOTOGRAPHY WITH THE 40-INCH VIS- 
UAL TELESCOPE OF THE YERKES OBSERVA- 
TORY. 

By G. W. RITCHEY. 

THE great power of the 40-inch telescope as compared with 
that of the 12-inch is strikingly shown in visual observations of 
such objects as the dense globular star-clusters. The visual 
limit of the 12-inch is at about 14.5 magnitude of Pogson’s scale, 
while that of the 40-inch is at about 16.5 or 17 magnitude. As 
comparatively few of the stars composing the globular clusters 
are brighter than the 14.5 magnitude and several thousand stars 
at least, in most of them, are brighter than 17 magnitude, the 
great difference in the appearance of these superb objects in the 
two instruments is readily understood. Not less important than 
the superior light-gathering power are the greater scale and 
resolving power of the larger instrument, which are necessary to 
show even moderately well separated the stars composing the 
dense central parts of these wonderful masses. 

The work of measuring accurately with the micrometer the 
positions of a large number of stars in these clusters is very 
laborious; to measure in this way all the stars seen with the 
40-inch telescope in such a cluster as Messier 15 Pegasi, for 
instance, would be a stupendous task indeed, especially since it 
is only on rare occasions of very fine seeing that the fainter stars 
can be seen sufficiently well for satisfactory measurement. 

The fine photographs of globular clusters obtained by 
Scheiner, the Henry Brothers, Leavenworth, and others, with 
photographic refractors of moderate size, and the excellent 
results obtained by Keeler with the Crossley reflector show 
unmistakably the great value of the photographic method in the 
study and measurement of these difficult objects. 

It seemed highly desirable to find, if possible, some way to 
utilize for such photographic work the great power of the 40-inch 
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visual telescope. In November 1899 a number of thin plane- 
parallel plates of glass were prepared and coated with collodion 
of a delicate greenish-yellow tint, which, when tested with the 
spectroscope, was found to effectually shut out the blue end of 
the spectrum, while transmitting the green, yellow, and red with- 
out appreciable diminution of intensity. Several very perfect 
color-screens of excellent quality and of different densities were 
thus secured for preliminary trials. A special plate-holder was: 
constructed, the color-screen being mounted in the plate-holder, 
in contact with the sensitive plate. Cramer’s instantaneous iso- 
chromatic plates are used, these being extremely sensitive to 
yellow light, while their sensitiveness falls off rapidly in the 
orange and red, on the one side, and in the green on the other, 
increasing again in the blue. 

It will be noticed that this combination is a promising one 
for sharpness, as only a short region of the spectrum, for which 
the color-curve of the 40-inch objective is very nearly flat, is 
used in producing the photograph. All other rays, which are of 
course out of focus, and would therefore injure the sharpness,. 
are effectually cut out, the blue by the color-screen, the red, 
orange, and much of the green by the non-sensitiveness of the 
plate for these rays. Nor is this combination an unpromising 
one for speed, taking into account the extreme sensitiveness of 
the plates for yellow light, when used with a very large and 
thick objective such as the 40-inch, as compared with the ordi- 
nary blue sensitive plate used with a photographic objective of 
the same size and thickness. Professor Vogel says that no less 
than 51 per cent. of the photographic light is lost in transmission 
through the new 32-inch photographic objective at Potsdam, 
although in that case the glass used was carefully selected for 
photographic purposes; the loss of yellow light is 33 per cent. 
It is estimated that between 60 and 70 per cent. of the blue 
light is lost in transmission through the 40-inch objective, while 
about 35 per cent. of the visual rays are thus lost. 

It was hoped, therefore, that this combination of isochro- 


matic plate and yellow screen, used with the 40-inch telescope,. 
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would give very sharp photographs with reasonably short expo- 
sures. In the earlier trials of this process, which included the 
photographs of the cluster Messier 13 Herculis, plates were used 
which were considerably less rapid than the last lot of plates fur- 
nished by the Cramer Company, and it is confidently expected 
that plates still more sensitive to yellow light can be fur- 
nished soon. With the present plates, and with fine seeing, 
sixteenth magnitude stars are photographed with sufficient 
intensity for measurement with one hour’s exposure. The 
diameter of the images of the fainter stars is less than one 
second of arc. 

The plane-parallel color screens used in the trials of this pro- 
cess are 2.4 mm thick and cover a field 14 minutes of arc square 
at the focus of the 40-inch telescope. There is, of course, a 
slight radial distortion of field introduced by this form of screen, 
amounting for the dimensions given to about 0'03 at edge of 
field, where it is greatest. There is also some uncertainty intro- 
duced by the use of the collodion film, even when this is separa- 
ted from the sensitive plate by only one tenth of a millimeter. 
The star images at edge of field are as perfect in shape as those 
at the center, no difference whatever being perceptible under 
high magnification. 

A color-screen oi optical glass of the proper yellow tint, and 
of the form of a thin concavo-convex lens, properly mounted, 
held by three points of its edge, in a metal plate-holder, close 
in front of the sensitive plate, and with the curvature of the two 
surfaces such that the center of curvature of each is at the 
optical center of the objective, would introduce no distortion of 
field perceptible under the most refined measurement, for fields 
30 minutes of arc in diameter. Several color-screens of this 
form will soon be prepared for use with the 40-inch telescope. 
It is needless to say that for photographs intended for accurate 
measurement the glass used for the photographic plates them- 
selves should be ground and polished approximately flat, as was 
done in the case of the plates used for the Potsdam photographs 
for the Carte Celeste. 
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The guiding device or sliding plate-carrier for long expo- 
sures is somewhat similar to that described by Dr. Common in 
Monthly Notices, 49, 297; it was constructed in a very perfect 
manner by Mr. Johannesen, the observatory instrument maker. 
The plate-holder is carried on two slides, at right angles to each 
other, and is movable by two fine screws, the milled heads of 
which are held in the observer’s fingers. A guiding eyepiece 
giving a power of 1000 diameters with the 40-inch telescope is 
mounted on the frame to which the plate-holder is rigidly 
attached; the eyepiece can be moved in two directions on this 
frame, so that a suitable guiding star near the edge of the plate 
can be found. Fine “ cross-wires”’ of silk fiber are illuminated 
by red light from a small incandescent lamp mounted at the side 
of the eyepiece, the light being controlled by a rheostat. A 
light flap is arranged so that it can be turned down instantly 
over the plate if anything goes wrong. 

By this simple arrangement the full power of the 40-inch 
telescope is used in guiding. This guiding, with the high power 
used, is very different indeed from guiding with the 12-inch 
telescope. Even under the best conditions incessant small 
movements of the image, due chiefly to the atmosphere, but 
partly to the instrument, render necessary continual guiding by 
means of the two screws which move the plate-holder. It 
should be noted that the greater part of these minute irregular 
movements could not possibly be detected with the 12-inch 
telescope, but are distinctly visible with the 40-inch. The plate- 
carrier is so light, and the slides and screws are so well made, 
that guiding in this way can be accomplished with very great 
delicacy and quickness, as compared with what could be done 
if the usual method of moving the entire telescope by means of 
slow motions were employed; this will be readily appreciated 
when I state that on an average no less than sixty movements of 
the screws per minute are necessary, even under the best atmos- 
pheric conditions. Generally as careful guiding is required under 
fine conditions as under ordinary ones, because the movements 
of the small sharp image, though shorter and less rapid, can be 
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seen much better than those of the nebulous image present 
under poorer conditions. Experience has shown that to obtain 
the sharpest results and the roundest possible star-images the 
observer must not take his eye from the guiding eyepiece nor 
his fingers from the screws for an instant without first turning 
down the flap over the plate; this is done even when the 
observer moves his chair and when the assistant is changing the 
height of the elevating floor. The flap is very useful also when 
sudden disturbances of any kind occur, such as those due to the 
slight shifting of the objective in its cell, the slight jar caused 
by the longitudinal slipping of the declination axis in its sleeve, 
and sudden blurring of the image due to atmospheric causes. 

There are two evident objections. to the use of such a sliding 
plate-holder; one is that the position of the images on the 
photographic plate is continually changing slightly, during the 
exposure, with reference to the optical axis of the objective; 
without proper precautions this might sensibly affect the meas- 
urability of the photographs. In the work with the 40-inch 
telescope the slides allow a motion of only six millimeters 
(about one minute of arc) on each side of the center, and there 
is no objection to reducing this range of motion by suitable 
stops to fifteen seconds of arc or less, since all that is necessary 
when the slides are moved to the stops is to cover the plate 
while the slides are brought back to the starting point, and the 
guiding star again centered on the cross-wires by means of the 
telescope’s slow motions. This operation is accomplished in 
less than half a minute, and with the superb performance of the 
great driving-clock would not be necessary oftener than each 
half-hour, for the range suggested. 

The other objection is perhaps more serious. In the work 
of photographing the globular clusters with the 40-inch, 34 xX 4% 
and 4X5 plates are used, so that in general the guiding star is 
about 2 inches, or 8 minutes of arc, from the center of the plate 
and of the cluster. As the zenith distance of the object is con- 
stantly changing during the exposure, there is a slight change 
in the amount of the differential refraction between the guiding 
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star and the stars of the cluster. In order that the effect of this 
change shall be as small as possible, the following conditions 
should be realized: (1) the exposure should be equally dis- 
tributed east and west of the meridian; (2) for such an expo- 
sure a guiding star should be selected having as nearly as 
possible the same hour-angle as the object being photographed ; 
(3) the total time covered by the exposure should be as short 
as possible for plates intended for measurement. 

In spite of the objections named, the use of the sliding 
plate-holder in guiding seems indispensable with very large pho- 
tographic telescopes, if the sharpest possible results are to be 
secured. With the 40-inch it would certainly be impossible to 
guide properly if the entire mass of the telescope had to be 
moved by means of slow motions, however perfect. Further- 
more, the problem of mounting side by side, for example, two 
40-inch objectives—a photographic and a visual for guiding — 
with such stability in their cells that there would be no relative 
shift of the two sufficiently large to produce a sensible change 
in the relative position of the photographic and guiding images 
at the eye-end, 63 feet away, would present very serious if not 
insurmountable difficulties. 

A severe test of the new method is afforded in photograph- 
ing such an extremely dense globular cluster as Messter 15 
Pegast, a fairly satisfactory negative of which was obtained on 
the night of October 3, with an exposure of three hours. 
My experience with seeing conditions during this exposure may 
be used to illustrate the difficulties encountered, though these 
conditions were better than usual. The exposure was begun 
with the seeing moderately good, 7 on a scale of 10. The con- 
ditions improved gradually for 130 minutes, though they were 
occasionally so bad for short intervals that the plate had to be 
covered. During the last 50 minutes of the exposure the seeing 
was as fine as I have ever had, the guiding star appearing as a 
hard brilliant point. After 50 minutes of such seeing a chill 
wind sprang up suddenly, which instantly destroyed the good 
definition; the image of the twelfth magnitude guiding star 
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became so large and nebulous that it was seen with difficulty 
and was at instants entirely obliterated. 

Professor Barnard concurs in the opinion that the faintest 
stars distinctly shown on the resulting negative are as faint as 
can be seen with the 40-inch telescope under the most perfect 
conditions. The negative is very sharp, but would be better — 
the brighter stars smaller and the dense center of the cluster 
better resolved—if only the last two hours of the exposure 
time had been used; the very faint stars would be shown fully 
as well, as it is only under fine conditions that these photograph 
at all. Many faint double stars in this cluster, with magnitudes 
down to 16.5 or 17, and distances down to 1", are distinctly shown 
and sharply separated on the negative. Multitudes of faint stars 
which are involved in the glare about the center of the cluster 
are much more easily seen on the photograph than with the 
telescope direct; this is true in the case of all the globular 
clusters. 

This peculiarity is very noticeable also in the case of faint 
stars involved in nebulosity, as for instance, Barnard’s faint 
double star just preceding the Zrapezium of Orion, which is 
described by Professor Burnham in Monthly Notices, 49, 354, 
as follows: ‘I was unable to see the two components on 
any night when it was measured from the bright stars of the 
Trapezium ; \ater on a remarkably perfect night I saw the minute 
pair well, though with great difficulty, and obtained a fairly good 
measure; as a double star it is quite unlike anything known in 
the heavens, and the severest possible test for the defining and 
illuminating power of the great (Lick) telescope; I have only 
been able to see it once.’’ This star has been repeatedly photo- 
graphed with the 40-inch with 45 minutes’ exposure, though I 
have not yet had an opportunity of trying it under first-class 
conditions ; with this exposure and with seeing 8 ona scale of 10 
it is strongly shown, very distinctly elongated. Under the best 
conditions it should be shown well separated with an exposure 
of less than 45 minutes. The distance given by Burnham is 
1/3, and the magnitudes are 16 and 16.5. Eighteen stars certainly 
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fainter than this double are shown on the negative within a 
distance of one minute of arc from the center of the 7rapezium. 
It should be noted that the magnitudes determined from these 
photographs must closely approximate those obtained visually. 

On the negatives of Messier 13 Herculis above referred to 
the center of the cluster is well resolved; on the best negatives 
lines and groups of stars of about the sixteenth magnitude, with dis- 
tances down to 1", are well shown and distinctly separated. One 
of Barnard’s doubles, in which the magnitude of the compo- 
nents is 14.5 and the distance 1/3, is very strong, and is sharply 
separated ; it is called by him very faint, as it is near the central 
glare. Burnham’s double, 81199, in the heart of the cluster, 
discovered with the Lick 36-inch, the magnitudes being 11.4 and 
12.0 and the distance in 1899, 0'97, is markedly elongated, but 
is too strong with the two-hour exposure to be shown separated ; 
that a shorter exposure would show it separated is apparent from 
the fact that no less than 4o faint doubles of about 1" distance 
are shown distinctly separated on the negative. On the best 
negative of this cluster there are 3200 stars in an area 10 minutes 
of arc square. 

The illustration of the lunar crater 7heophilus and surround- 
ing region (Plate XX1I) is from a negative obtained with the 4o- 
inch telescope October 12, 1900. The enlargement, as compared 
with the original negative, is about 6 diameters. The full aper- 
ture of the telescope was used, and the exposure time was less 
than one half second. 

The results obtained in this work demonstrate the effective- 
ness and importance of telescopes of great focal length for the 
photography of objects requiring great scale and separating 
power; for dense star clusters, double and multiple stars, the 
surface markings of the planets, and details of the lunar sur- 
face, the gain is apparently in direct proportion to the increase 
of focal length. The effect of aperture, and consequent resolv- 
ing power, upon the quality of photographic results is in practice 
so complicated with the effects of seeing conditions, accuracy of 
guiding, sharpness of focus, and grain of photographic plate, 
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that it is probable that photographic telescopes with much 
greater ratio of focal length to aperture than is ordinarily used, 
would be desirable for the photography of the classes of objects 
referred to. 

For such purposes a photographic telescope of 2 feet aper- 
ture and 200 feet focal length is being built in the optical and 
instrument shops of this Observatory. Work on the optical parts, 
* which include a 30-inch anda 24-inch plane mirror and a 24-inch 
concave mirror of 200 feet focal length, was begun in December 
1899 and is now well advanced. This instrument is of the hori- 
zontal type, with coelostat, but differs in many details from the 
instrument of very similar dimensions suggested by Dr. Common 
in his recent address before the British Association. 

In the case of the horizontal telescope of 61.5 feet focal 
length used by Professor Barnard and the writer at the eclipse 
of May 28, 1900, the ratio of focal length to aperture is 123 to 
1. Exquisitely fine structure in the chromosphere and promi- 
nences is shown on the negatives obtained with this instrument, 
and the richness and delicacy of detail of the corona leave 
nothing to be desired. 

These results, obtained with a telescope of still greater ratio 
of focal length to aperture than that of the 200-foot, together 
with the stability and superb driving of this type of instrument ; 
the high efficiency of the reflector in photography, so effectively 
demonstrated by Keeler; and the freedom of the reflector, when 
of great focal ratio, from many of the serious difficulties inherent 
in specula of large angular aperture: all seem to promise well 
for the success of the new instrument. 


YERKES OBSERVATORY, 
UNIVERSITY OF CHICAGO. 
November 14, 1900. 
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THE REVERSING LAYER PHOTOGRAPHED WITH A 
CONCAVE ROWLAND GRATING. 


By J. F. MOHLER and F. C. DANIEL. 


One of the pieces of apparatus taken along with the Dickin- 
son College Eclipse party on May last was a concave Rowland 
grating, 4 inches in diameter, ruled with 14,400 lines to the inch 
and of ten feet radius. It was enclosed ina box about five feet 
long and placed as indicated in the figure, where the grating is 
shown in position at C resting on three set screws. At D is an 


opening 4 inches square to admit the light and provided with a 
tight-fitting cap. The photographic plate was placed at A B so 
that the middle of the plate would be on the axis of the grating. 
In this position the dispersion is nearly normal over the entire 
plate. At A Bwas a narrow slit about one eighth of an inch 
wide and seven inches long and back of the slit was a sliding 
plate-holder carrying a 5 X 7 Cramer instantaneous isochromatic 
plate. Two small wheels operated by a rod moved the plate 
across the narrow slit so that a series of exposures ¥% by 7 inches 
could be made on the same plate. The rod was operated by an 
observer looking through a small objective prism spectroscope 
attached to the outside of the box. The box was mounted on 
the declination axis M@ N of an equatorial mounting so that the 
lines of the grating would be tangent to the edge of the Sun at 
the places of contactsII and III. The angle D C Z was about 
361 
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16° so that the F line of the first order came near the middle of 
the plate and the spectrum extended from below D, to above G. 
The equatorial mounting was supplied with a fairly good clock, 
which followed the Sun’s image very well. 

The grating was used to form a diffracted image of the Sun’s 
disappearing crescent without the use of lens or slit, in the same 
way that an objective prism spectroscope is used. The focal 
length of the grating used in this way is just about five feet and 
the Sun’s image is about .56 inch in diameter. 

When the Sun’s crescent was so thin that the dark Fraun- 
hofer lines could be distinctly seen in the prismatic spectroscope, 
which was about thirty seconds before totality, the cap was 
removed from D and a series of exposures of about one 
second each was made until the “flash” spectrum had dis- 
appeared. The plate was then moved forward a little and kept 
in position for about ninety seconds. The plate was moved 
forward again and another series of exposures made to catch 
the flash at third contact. 

The results obtained were not quite as good as we had 
expected. The plate lacked in sharpness of definition. We had, 
however, timed the exposures nearly right and obtained about 
forty bright lines at the flash and perhaps sixty dark Fraun- 
hofer lines on exposure before totality and only three distinct 
lines during totality. The measurement of thirty-two of the 
bright lines is given in the table below. This table gives the 
measured wave-length, the intensity of the bright line, and the 
element supposed to produce it. This last is taken from Row- 
land’s table (this JournaL, Vol. I). Our measurements are 
only to Angstrém units, as the lines were aot sufficiently sharp 
for more accurate measurements. 

‘The lines D,, F and Ay are by far the strongest lines in the 
flash, and also appear as strong lines in the long exposure made 
during totality. They appear on the plate as images of a promi- 
nence near the eastern limb of the Sun, and are of different 
shape for the light coming from the western limb of the Sun, 
both sets of images appearing on the same exposure. The 
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exposures made at the end of totality did not give as good results 
as the exposure to the first flash, as the position of the instru- 
ment had been altered a little in declination in moving forward 
the plate. 


TABLE OF LINES SHOWING AT THE FIRST FLASH. 


Inten- | Measured Inten- | Measured 
Line sity A Substance Line sity A Substance 
Hy 12 4340 | H 2 4638 | Fe 
I 4376 Fe 2 4644 Fe 
I 4383 Fe I 4654 Fe 
I 4395 7i I 4662 Fe 
2 4417 7i I 4666 Ti (Fe) 
2 4442 Fe | F(#B) 15 4861 H 
2 4470 Fe I 4920 Fe 
2 4471 Ti 2 4923 Fe 
I 4502 Ti I 4933 Fe 
I 4534 Ti Co I 5017 Fe Ni 
I 4550 Fe Ti Co by 2 5167 Meg Fe 
I 4550 Fe Ti bs 2 5169 Fe 
2 4563 Ti ba 3 5173 | Meg 
2 457! Mg by 4 5184 | Mg 
2 4582 Fe 1474 hk 2 5316 
I 4630 Fe Ti Co LD, 10 5876 He 


Although our list of lines is not extensive, and the accuracy 
of measurement only one Angstrém unit, nevertheless the results. 
lead us to think that very good results could be obtained in this. 
way. 

The lack of sharpness of the lines may be due to one or more 
of four causes: 

1. The location should be such that the lines of the grat- 
ing, when perpendicular to the Right Ascension circle, will be 
tangent to the disappearing and reappearing crescent of the Sun 
at contacts II and III. We were situated at the village of 
Pungo, Va., very near the central line of totality, but we did not 
make any observations for position. We arrived at Pungo on 
Friday, May 25, and the rain all day Friday and Saturday gave 
us short time to set up the instruments; we had no time for 
latitude and longitude observations, and no time to change 
position if we had found change desirable. Of course we could 
make the lines of the grating tangent to the Sun’s crescent at 
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either contact II or III by giving the grating the proper inclina- 
tion, but to get it tangent to the Sun at both contacts the instru- 
ment must be situated on the central line of totality. 

2. With this form of mounting, the clock must follow 
exactly the motion of the Sun, as any drift in R. A. will spread 
_out the lines. In trials with the instrument before the eclipse 
the clock was running just about right. All these trials were 
made without the plate-holder in position, and when the plate- 
holder was put on the end of the box the instrument was so 
exactly balanced in R. A. that there was not enough weight 
either way to take up the lost motion of the driving-screw, and 
for that reason the lines show some irregular drift in the suc- 
‘cessive exposures. 

3. The focusing of the grating must be done with a collima- 
tor, and while this had been accomplished before leaving Car- 
lisle, we found that it had to be repeated when we arrived at 
Pungo, where with the facilities at hand the work could not be 
done very accurately. The plate may have been, and doubtless 
‘was, somewhat out of focus. 

4. The astigmatism of the grating: This property of the con- 
cave grating has doubtless been the cause of its rejection for 
this class of work, and the substitution of the objective prism. 
The amount of astigmatism has been worked out by Dr. S. A. 
Mitchell { Johns Hopkins Circular, June 1898}|, and for a point 
source of light is given by the formula: 

p R}’ 
where a is the length of the image of the point, Z the length of 
the lines on the grating, the distance of the image from the 
grating, R the distance of the point source of light from the 
grating, p the radius of grating, and mw and y¥ the angles of 
incidence and reflection. Using the grating as we did, ~=0°, 


R=0,r= +p, therefore 
a=—Z4+Z4{ 87+! 


Now if y= 16° and Z= 1* inches, a=.015 inch. 
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The image of the Sun with a mirror of this radius is about 
.56 inch in diameter. With a slit 4% inch wide, the extreme 
blurring at the edges due to this cause would be .0096 inch, and 
in the middle of the strip the widening of the lines would be 
only .0004 of an inch. With a slit 4, of an inch wide the spec- 
trum would still be wide enough to measure easily, and the 
extreme blurring would be less than .003 of an inch; lines as 
fine as this are nearly as good as can be obtained on a rapid 
photographic plate. 

If no slit at all is used, and the Sun’s entire image is photo- 
graphed, the astigmatism would blur the edges at the poles 
about .03 of an inch, z. e., there would be a shading .o15 of an 
inch wide above and below the true image. This effect might 
be made less by using a grating of fewer lines to the inch, or 
by using light of shorter wave-length. The great advantage of 
using a concave grating in this way is that there is nothing in 
the instrument to absorb the radiations coming from the Sun. 
In common with the objective prism it has the disadvantage 
that no comparison spectrum can be photographed alongside of 
the solar lines, but it has the advantage over the prismatic spec- 
troscope that the spectrum is normal. Our partial success leads 
us to believe that the instrument could be used to great advan- 
tage in obtaining the spectrum of the flash. 


DICKINSON COLLEGE, 
October 26, 1900. 
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FIRST RESULTS OF INVESTIGATIONS ON THE OBSER- 
VATION OF THE SOLAR CORONA WITHOUT AN 
ECLIPSE BY MEANS OF THE HEAT RAYS." 


By H. DESLANDRES. 


THE corona, which is the highest, the most extensive, and the 
most mysterious portion of the solar atmosphere, has not hith- 
erto been observed without a total eclipse. However, several 
attempts have been made to observe and to photograph it under 
ordinary conditions, in particular by Sir W. Huggins in 1885, by 
Messrs. Hale and Riccé in 1893 and 1894, and by myself from 
18gI to 1893. 

In February 1894 (Bulletin Astronomique, p. 66) I described a 
new method of accomplishing the result. The previous attempts 
had been made with the visible and ultra-violet rays; but these 
rays are too intense in the diffuse light of our sky, which is the 
obstacle interposed between us and the corona. However, for 
reasons too long to be repeated here, the difficulty is considerably 
diminished with the extreme infra-red rays. In brief, the daily 
observation of the corona is dependent upon the practical regis- 
tration of images formed by the heat rays alone. 

In 1895, Mr. Hale, adopting these ideas, constructed for the 
study of the corona a differential apparatus, consisting of two 
very delicate and sensitive bolometers. The apparatus measures, 
at a given point of the sky, the heat emitted by the corona, 
augmented by a considerable amount of diffuse atmospheric 
heat, but it has not yet given any certain result on the corona.’ 

For my part I pursued my first idea. The infra-red radia- 
tion of our sky is faint, but, on the other hand, is the infra-red 
radiation of the corona marked? I proposed to measure it at 

* Comptes Rendus, 131, 658, 1900. 

* Mr. HALE’s experiments were made at the time of maximum Sun-spots, when 


the corona has the same intensity and the same extent at all points of the solar cir- 
cumference. Hence, probably, the cause of failure. 
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he total eclipse of 1896 in Japan. I constructed for this pur- 
pose a very simple apparatus, consisting of a thermo-electric 
pile, which could not be used on account of the bad weather. I 
employed this same apparatus for the same investigation during 
the eclipse of May 1900, in Spain, with the aid of M. Char- 
bonneaux, assistant astronomer (see this JOURNAL 12, 287). 
The infra-red radiation near’ 1.3 4 was found to be consider- 
able, amounting to as much as from one half to one third of the 
radiation of the same points in the sky after the eclipse, at an 
elevated station where the air, it is true, is remarkably pure and 
dry. This result indicates the possibility of obtaining the corona 
under ordinary conditions with the heat rays alone. 

Upon my return I employed at Meudon, where the sky is, 
however, less favorable, the same apparatus and a similar appa- 
ratus for the daily study of the corona, with the constant aid of 
‘M. Charbonneaux. I now present the first results, which are of 
slight importance, but at least show the value of the method. 

The eclipse apparatus comprised: (1) a mirror of 0.30m 
aperture and 1.50m focal length; (2) a slit spectroscope, with 
lenses and prism of crown glass ; (3) a sensitive Melloni thermo- 
pile; (4) a Deprez-d’Arsonval galvanometer, not very sensitive, 
but dead-beat, with constant zero, simple and easily manipulated. 
The collimator slit was 12mm high and Imm wide; the ther- 
mopile received only the infra-red heat from the region between 
AI.8 

At Meudon the Melloni thermopile has been replaced by a 
Rubens thermopile, and the collimator slit by a circular aperture 

* These details aid in explaining the cause of the differences between our results 
and those of Mr. Abbot, who also measured the heat of the corona at the same eclipse 
with a very sensitive bolometer. In his apparatus the radiation passes through no 
glass or other absorbent and comprises all the high and low temperature rays (éous /es 
rayons de haute et basse température) from 0.5 « to 60 w at least. Our measure, on the 
contrary, involved only the high temperature rays. Mr. Abbot obtained negative 
deflections for the center of the Moon and the inner corona, and concluded from this 
that the corona is colder than the bolometer. Now the corona certainly emits intense 
red and yellow rays, which give strong positive deflections with a sensitive bolometer. 
The low temperature rays, which give negative deflections, must be still more intense. 


(il faut que les rayons de basse température a déviation négative soient plus intenses 
encore.) 
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4mm in diameter. The Sun was displaced with reference to this. 
aperture so as to permit measurements to be made of the heat 
at points 3’ of arc apart on the same diameter at distances from 
the limb ranging from 5’ to 20’. It has been found, at all 
hours of the day, that the sum of the deviations measured on 
the solar equator is uniformly greater than the corresponding 
sum on the line through the poles. This characteristic differ- 
ence has been ascribed to the corona, which at present is of the 
form peculiar to the Sun-spot minimum and is more intense at 
the equator than at the poles.’ 

In a second apparatus the 4 mm aperture has been replaced 
by an opening Imm in diameter, the prism has been discarded, 
and the beam projected directly upon the linear thermopile by 
means of a cylindrical lens. The thermopile received the rays 
lying between 0.5m and 2.8 m (limit of transparency of the 
glass). The results in the second series of experiments have* 
been the same as in the former case. I give here a table 
showing the total deviations measured in the four principal 
directions. 


Pole Equator 
North South East West 
wie 23.8 22.3 27.8 28.1 


As a systematic error due to the position of the receiving 
apparatus might be feared, this apparatus (support of the aper- 
ture, cylindrical lens, and thermopile) was turned through go°, 
the aperture remaining fixed.*? The results remain the same. 


‘It must be assumed that the diffuse heat of our atmosphere is uniformly dis- 
tributed around the Sun. 

? We have also avoided all chance of error due to a possible variation in the dif- 
fuse heat of our atmosphere by measuring several times, during the experiment, the 
heat emitted by a given point of the sky. 
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The differences detected thus seem to be really due to the 
corona and would be the first manifestation of the corona with- 
out an eclipse. 

But these results, obtained with crude and inexpensive appa- 
ratus, are incomplete. To make further advances it would be 
necessary to have a more sensitive galvanometer, to provide for 
the rotation of the receiving apparatus about the center of the 
Sun in order to avoid loss of time, to measure only the infra- 
red heat outside of the absorption bands of water-vapor, and to. 
attempt a photographic registration of the deflections, from 
which an image of the corona could be built up point by point. 

However, direct photography of the images formed with the 
infra-red rays, which has not yet been accomplished, is alone 
capable of furnishing a complete solution; it would give at the 
same time the lower part of the solar atmosphere (chromo- 
sphere and prominences) more simply than the classic method 
of the spectroscope. 
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THE HEAT RADIATION OF THE CORONA. 
By S. P. LANGLEY. 


In a preliminary account of the Smithsonian observations of 
the eclipse of May 28, 1900,‘ I mentioned that although pre- 
vious efforts had been made to ascertain the heat of the corona, 
‘the bolometric measures then taken were probably the first which 
had really shown it, but the brief description given of the work 
perhaps did not convey to the reader the full import of the 
observation. 

Long work upon the Moon with the bolometer by me, in 
former years, had led to an improvement of the instrument and 
‘developed skill in its use. At the time of thé eclipse it was 
capable of indicating a deflection of several thousand bolometric 
degrees, but its sensitiveness was intentionally reduced until it 
gave a deflection upon the full Moon of only 85 such degrees, 
as is shown by measurements since the observation. 

Now the inner corona is well known from visual observation 
to be intrinsically much brighter than the full Moon, and if its 
heat were proportionate to its light, it should give a deflection 
of at least something over a hundred bolometric degrees. It 
gave, however, a-deflection of only five such degrees. 

The reader cannot but have noted, in the great photographs 
obtained by the 135-foot lens loaned by Professor Pickering, the 
appearance of what so much resembles an electric discharge 
around the poles. It is by no means here shown for the first 
time, but perhaps never with more distinctness. 

I do not mean to say that the corona is such an electric 
phenomenon, and not formed of incandescent matter, gaseous 
or solid. On this point evidence is still incomplete, yet the 
present observations seem to bring some additional evidence in 
favor of the first view, for the absence of heat is obviously 


Science, June 22, 1900. 
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consonant with it, and it is supported by independent studies of 
the glow discharge." 

I may add that the bolometer, however trustworthy an 
instrument, demands an installment in a chamber of uniform 
temperature, with much accessory apparatus for its best effect, 
and that this was provided for it on the present occasion. What 
is still more important, it, like any other apparatus of the kind, 
should be in the hands of one long familiar with it, to give 
reliable information at a time so brief and trying as that of 
totality. While I have familiarity myself in its use, yet con- 
sidering that Mr. Abbot was in more continuous recent practice, 
I assigned the observation to him, and I have all the confidence 
in its results that I should have, had I made it myself. 


tIt is well known that Angstrém found (“ Strahlung verdiinnter Gase,” Ann. der 
Phys. und Chem., 48, 493, 1893,) in 1893, that the glow discharge had no infra-red 
spectrum, and Wood found (‘“‘ Experimental determination of temperature in Geissler 
tubes,” Physical Review, 4, 191, 1896,) that the temperature of the glow discharge 
was only some I5 or 20 degrees Centigrade above that of the surroundings. 
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ON SOME ATTEMPTS TO DETECT THE SOLAR CO. 
RONA IN FULL SUNLIGHT WITH A BOLOMETER. 


By GEORGE E. HALE. 


Durinc the last seven years I have made many attempts to 
detect the solar corona in full sunlight. In spite of the negative 
outcome of these experiments it may serve a useful purpose 
to summarize them here, particularly as results widely different 
from my own have been published by M. Deslandres.’ 

The method employed in my earlier work was a photographic 
one, requiring the use of a spectroheliograph adjusted for the 
K line. The principle of this method, and the experiments 
made by its aid on Pike’s Peak in 1893 and on Mt. Etna in 
1894 have been described elsewhere,” and need not be given 
here. Suffice it to say that no images which could reasonably 
be regarded as representing the corona were secured. 

After Professor Riccd had completed his tests of the photo- 
graphic method it was decided that little or nothing could be 
expected from further attempts of this kind. The possibility of 
sufficiently increasing the contrast between the corona and sky 
by the use of the dark K line or in any other known way did not 
appear promising, and I accordingly turned my attention toward 
the development of an entirely different method, based upon the 
use of a bolometer or some similar heat-measuring instrument. 

A full description of this method was published in 1895.3 
The essential principle involved is not the use of the less 
refrangible rays of the spectrum, but the employment of a heat- 
measuring instrument giving deflections proportional to the 
energy received. Assuming the sky radiation at a given dis- 
tance from the Sun to have the same intensity at all position 

*See p. 366. 

?HALE, Astronomy and Astro-Physics, October 1894. Riccd, ASTROPHYSICAL. 
JOURNAL, 1, 18, 1895. 


3 ASTROPHYSICAL JOURNAL, 1, 318, 1895. 
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angles, it is evident that the sky deflection may be taken as the 
scale zero, and hence that the relative radiation of any two parts 
of the corona may be measured as readily in full sunlight as at 
times of total eclipse. 

The instruments used in successive years are enumerated 
below. In all of the experiments I have had the efficient assist- 
ance of Mr. Ferdinand Ellerman. 

1895. Silvered mirror of 24cm aperture and about 2m focal 
length, mounted equatorially. Platinum bolometer 4mm long, 
0.5mm wide, mounted radially in water jacket. Both arms 
exposed, one to corona, the other to sky beyond corona. 
Rubens-Du Bois galvanometer, with light needle system. Dif- 
ferent deflections were obtained at different position angles, but 
they were subsequently found to be due to instrumental causes. 

1896. Silvered mirror of 60cm aperture and 18.6m focal 
length, used with a large heliostat. Platinum bolometer 30mm 
long, 4mm wide, mounted in radial slot in heavy cast-iron drum, 
surrounded by water jacket, with central hole through which 
rays forming 17.5cm solar image passed freely. Both arms 
exposed, as above. Rubens-Du Bois galvanometer. Different 
deflections were observed at different position angles, but these 
were traced to the effect of rotating the bolometer, and were 
not considered coronal. 

1898. Forty-inch refractor. Compound bolometer having 
in each arm 5 platinum strips 35 mm long and 0.8 mm wide, in 
water jacket. Bolometer arms radial, centers equidistant from 
center of Sun and 22mm apart, both exposed to corona. 
Rubens-Du Bois galvanometer. In this case my hope was to 
detect the edge of a coronal streamer as the bolometer passed 
over it. The deflections should occur in pairs, a positive deflec- 
tion being followed by a negative one. No results that could be 
surely attributed to the corona were obtained. 

1899. Laboratory experiments with the bolometer used in 
1898 showed that a faint artificial corona could be detected as 
easily when projected upon a very bright background as when 
observed alone. 
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1900. The apparatus used at the total solar eclipse of May 
28 consisted of a silvered mirror of 50cm aperture and 8.1m 
focal length, used in conjunction with a coelostat ; and a platinum 
bolometer 10mm long, Imm wide, in water-jacket, one arm 
exposed. The bolometer remained at rest, and the radiation 
from a radial strip at any position angle in the corona could be 
brought on to the bolometer by the aid of a rotating drum, 
containing a suitable combination of mirrors. The galvanometer 
was an exceedingly sensitive one made by Dr. Mendenhall. As 
has been previously stated," no measures were obtained during 
the total phase, but just after totality no difference could be 
detected between the radiation of the Moon and that of the 
corona. 

The following conclusions may be drawn from the observa 
tions made during the course of this investigation : 

1. The heat radiation of the sky near the Sun, under excel- 
lent atmospheric conditions, is many hundreds of times greater 
than that of the corona. As a differential method has been 
used in most cases, no actual measures of this radiation can be 
given, but the above statement, based on deflections observed 
when balancing with a shunted galvanometer, may be regarded 
as a very conservative one.’ 

2. The heat radiation of the corona is very small—much 
less in proportion to its light than that of the full Moon. The 
best evidence I obtained of this was during the partial phase of 
the eclipse, when no difference was detected between the radia- 
tion of the dark Moon and that of the corona. 

3. The small intensity of the coronal heat, as measured by 
Mr. Abbot during the recent eclipse, fully accounts for the 

1 ASTROPHYSICAL JOURNAL, 12, 88, 1900. 

2A maximum value of the ratio of the coronal heat to that of the sky, deduced 
from Mr. Abbot’s measures before and during totality, is about y;4y5. The measure 
of the sky radiation here employed was made about five minutes before second con- 
tact, and is certainly much less than what would have been recorded in full sunlight. 

I am unable to understand M. Deslandres’ explanation of this result as due to 
“ negative-deflection-giving rays.” If the corona emits rays which have the power of 


annulling the heating effect of ordinary radiations, why does M. Deslandres obtain 
the same results with and without a prism ? 


i 

| 

| 

Ag 
e 

| 

*, 

§ 

4 

1 

| 
: 

. 

i 

4 

; 

| 


SOLAR CORONA 375 


failure of my attempts to detect the corona in full sunlight. In 
spite of the extreme sensitiveness of my instruments, they were 
not capable of detecting the minute difference between corona 
and sky. 

4. On account of the uniformity of the sky radiation under 
good atmospheric conditions, and the success of the experiments 
made with an artificial corona, it appears probable that the 
method will ultimately give a means of determining at least the 
approximate form of the corona in full sunlight. 

5. This method should not be confused with M. Deslandres’ 
plan of photographing the corona by the exclusive use of the 
infra-red rays, as the essential principle is entirely different in 
the two cases. 

The work is being continued at the Yerkes Observatory with 
the aid of the extremely sensitive radiometer recently used here 
by Professor Nichols in his researches on the heat radiation of 
stars and planets. 


VERKES OBSERVATORY, 
December, 1900. 
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REMARKS ON MR. EASTON’S ARTICLE “ON A NEW 
THEORY OF THE MILKY WAY” IN THE ASTRO- 
PHYSICAL JOURNAL FOR SEPTEMBER. 


By H. SEELIGER. 


In my paper entitled ‘‘ Considerations on the Distribution of 
the Fixed Stars in Space,”* I have called attention to a fallacy 
which has been employed in the explanation of the surprising 
accumulation of stars in certain regions of the Milky Way in the 
immediate neighborhood of regions very deficient in stars, or in 
the explanation of the other fact that quite starless regions occur 
within portions of the Milky Way which are pretty uniformly 
occupied by stars. As many of the readers of this JouRNAL will 
perhaps not see this paper, I take the liberty of repeating hcre 
the part referred to, quoting literally the main point at issue: 
‘‘No reasons of a general nature can be assigned why an annular 
arrangement of the accumulations in the Milky Way is a@ priori 
any more probable than any other distribution. This has to be 
especially mentioned because the opinion has been expressed by 
others that the occurrence of bright and hence dense accumula- 
tions, in the immediate neighborhood of starless or empty regions, 
indicates with a great degree of probability that these accumula- 
tions must have a relatively small extent in the line of sight, 
because otherwise we should have to assume that there were 
cylindrical vistas which were all turned toward the Sun in a most 
improbable manner. This argument is, however, based upon an 
error, for it can readily be seen that with a given number of stars 
the probability for any given apparent distribution, and hence 
for the occurrence of certain definite vistas, is entirely independ- 
ent of the dimensions of space in the line of sight. A few words 
will now be given to this subject in order to dispel any lack of 


*“ Betrachtungen iiber die raiimliche Vertheilung der Fixsterne,” Abhandlungen 
der bayer. Akademie der Wissenschaft, Miinchen, 1898, p. 628. 
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clearness on this really important point. Let NV be the number 
of those stars of the Milky Way which appear to be within a 
large area of the heavens dQ, and which therefore are actually 
situated within a conical space &, the vertex of which is at the 
observer. If dw is a small portion of the sky lying within dQ, 
and X is the conical space corresponding to it, then the proba- 
bility that, with an accidental distribution of the stars, just » of 
the J stars will appear to lie within d@ wil] be 


rere 


R 

This formula is the more exact the smaller the total volume 
of the stars in comparison to the volumes of space coming into 
consideration. In view of the exceedingly sparse distribution of 
the cosmical masses in space, it may therefore be considered as 
almost absolutely correct. In order to direct our attention to 
the general case, R may consist of a series of frusta of cones 
which are bounded by spheres with the radii ~ and 7’, 7, and 
r,’, etc., and with the center at the observer. 


Then 
3 
and Rm like W,,, entirely independent of the dimensions in 


the line of sight. It is a matter of complete indifference in 
the question of probability whether the same number of stars is 
spread out in the direction of the line of sight or is compressed 
into a small space.” 

I had thought that this discussion had made this very simple 
matter entirely clear. I was therefore nota little surprised to 
learn that Mr. Easton had raised objections to it (oc. cit., p. 150). 
A quarrel as to the correctness or incorrectness of such simple 
mathematical considerations is obviously entirely impossible, 
and I only regret that I have torefertothis here. Nevertheless, 
after this experience it seems to me that a few other remarks 
may be in order. 


‘ 
& 
3 


378 H. SEELIGER 


I first beg to state that my mode of presentation is xot drawn 
from J. Herschel. The citation from the ‘ Outlines” made by 
Mr. Easton was hitherto entirely unknownto me. This citation, 
however, can prove nothing else than that Herschel also was a 
victim of the same serious blunder as many other astronomers 
after him. It is very interesting psychologically and invites 
further inquiries as to how it is possible that so simple a blunder 
could be made by different individuals quite independently of 
each other. It would appear to me that in this case an incorrect 
appreciation of the principles of probabilities is associated with 
the adoption of certain preconceived opinions as to the correct- 
ness of which a decision is impossible in advance. 

If we know nothing as to the manner of the origin of a 
given constellation of stars in the heavens, which is actually the 
case, we may, on the assumption that this constellation origin- 
ated by accident, keep within the limits ot our knowledge, 
and hence apply the principles of probabilities, that is, we may 
speak of the probability of the constellations coming into 
existence. 

If we now arrange a given number of stars in constellations, 
each arrangement is as probable as any other. It is therefore 
equally probable that these stars lie within an accurate circle or 
polygon, or in any more complex or irregular curve. 

It is well known how much persons with an incomplete 
mathematical education are accustomed to object to this conse- 
quence of the elementary principles of probabilities, although 
probably no one would dare to doubt its correctness. 

A correct application of this principle is obtained even in 
complicated cases by the laws of probabilities, which, in the case 


mentioned above, lead to the universally known formula (1). 


K dw 
In this formula there only appears the quotient 


whence follows the indisputable theorem that W,, is entirely 
independent of whether the J stars are distributed according to 
the laws of chance in a space of great or small extent in the 
line of sight. But, on the other hand, the expression (1) shows 
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W,, is ina high degree dependent upon ». We know that for 
a small value of ”, W, is relatively small, and with increasing ” 
at first increases very rapidly, then more slowly until at about 


n=N> it reaches a maximum, and from there it decreases, 


at first slowly and afterwards more rapidly. It also follows that 
the occurrence in the Milky Way of dark places in the midst 
of stellar accumulations is indeed very improbable, but in every 
case the probability remains just as slight if we compress the same 
number of stars into a smaller space, if this covers the same por- 
tion of the heavens as befqre. If anyone questions this result, 
he questions the fundamental principles of probabilities and 
commits a blunder, since we are here concerned with such 
exceedingly simple considerations. The most trivial illustra- 
tions can be cited in which similar relations occur. 

If a great number of trees are planted in a ring-shaped 
area, and if we may assume that they were distributed at ran- 
dom, then the probability of the occurrence of cylindrical vistas — 
for an observer at the center of the circle, is entirely independ- 
ent of whether the same number of trees stand ina broad ring 
or are compressed into a narrower ring. This is true as long as 
the trees are not too thick in comparison to the dimensions of 
the space at disposal. 

The condition of things is changed, however, if we wonder 
at the actual occurrence of such very improbable irregular dis- 
tribution of stars in the sphere, and seek for causes which might 
reduce this improbability. But the problem in probabilities 
proposed above, and treated by me, has nothing whatever to do 
with this question. It is possible that dynamical, physical, or 
other points of view, may lead to the understanding that a pro- 
nounced compression of the stars in space may favor the devel- 
opment of bright and dark places in the Milky Way; indeed, I 
cannot deny that such a suspicion is natural. But this is not dis- 
cussed either by J. Herschel or by Easton; indeed, such assump- 
tions seem to have unconsciously crept in as preconceived 
opinions, as I have already suggested above. If particular 
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reference had been made to this possibility, the criticism of an 
error in logic would not have applied, but in the present state of 
our knowledge only unproven and easily assailable suspicions 
could be expressed. If it should become possible to avoid the 
latter, this would signify an important step in the progress of 
stellar astronomy. 


MUNICH, 
October 15, 1900. 
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MiInoR CONTRIBUTIONS AND NOTES 


APPOINTMENT OF PROFESSOR W. W. CAMPBELL AS 
DIRECTOR OF THE LICK OBSERVATORY. 


AT a meeting of the Board of Regents of the University of California,. 
held on December 11, the previous action of the Observatory Com- 
mittee in appointing Professor W. W. Campbell as Director of the Lick 
Observatory was approved by unanimous vote. The wisdom of this 
choice will be apparent to everyone familiar with the circumstances of 
the case. ‘The task which falls to the successor of Professor Keeler is 
no easy one, a fact which the Observatory Committee fully appreciated. 
They accordingly deferred action until the opinions of many eminent 
astronomers in this country and abroad could be secured. The replies,. 
almost without exception, named Professor Campbell as first choice. 
It is evident that his remarkable success as an investigator, his tireless. 
energy, and his ability to direct the works of others are widely known 
and appreciated. It is a pleasure to extend congratulations to the 
President and Regents of the University of California for the wise 
manner in which the appointment was made, to the Lick Observatory” 
for its bright prospects under such leadership, and to Professor Camp- 
bell himself for the wider opportunity in the prosecution of his. 
researches which he will now enjoy. 

Striking evidence that the new Director’s adininistration will be a 
progressive one is contained in the announcement which appears almost 
simultaneously with the news of the recentappointment. At Professor 
Campbell’s request Mr. D. O. Mills, the donor of the Mills spectro- 
graph, has given the sum of $24,000 to meet the expenses of an expedi- 
tion to the southern hemisphere. The purpose of the expedition is to 
extend to the remaining naked-eye stars of the southern hemisphere: 
Professor Campbell’s well-known investigations of motions in the line 
of sight, the results of which have been published in this JouRNAL. 
Preparations for this important work are going rapidly forward at the: 
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Lick Observatory. It is understood that a station will be selected in 
Chile or Australia, and that the members of the party will remain at 
least two years after the instruments are ready for observations. The 
entire investigation, which is nearing completion for the northern stars, 
will involve the determination of the velocity in the line of sight of 


all stars down to the fifth magnitude. 
G. E. H. 
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tion to have laid by such stores of knowledge as the author of “ Hugh 
Wynne” spreads before his readers in this work. 12mo, $1.50. 

THE GOLDEN BOOK OF VENICE, by Mrs. Lawrence Turn- 
BULL. A romance of the City of the Sea at the time of its greatest 
magnificence under the Doge and the Senate. 12mo, 399 pages, $1.50. 
HARD-PAN, by GERALDINE BonNER. A novel of the San Fran- 
cisco of to-day, by a California writer. 12mo, 279 pages, $1.50. 

‘THE BREAD LINE. Aclever story of Bohemian life in New York. 


By ALBERT BIGELOW PAINE. Price, $1.25. 
A New Edition of HUGH WYNNE, Dr. S. WEIR MITCHELL’s 


popular romance of the Revolution, now published in a single volume at 
$1.50, with twelve illustrations by HowARD PYLE. 


IN THE THUMB-NAIL SERIES 


Exquisite little books in stamped leather binding, price $1.00 


RAB AND HIS FRIENDS MOTIFS 


Newly translated from the Greek By JoHN BRown. Withanintro- By E. Scort O’Connor. A vol- 


by BENJAMIN E, SMITH. 


PARIS OF TO-DAY 
By Richard Whiteing. Illustrated by André Castaigne 
A brilliant book by the author of “No. 5 John Street,” with entertaining chapters | s-fuding books for 


on the official and social life in the French capital, illustrated by André Castaigne, young folks. 
and printed in red and black, with a sumptuous binding. 250 pag~s, $5.00. 


MY WINTER GARDEN 


duction by Mr. ANDREW LANG. ume of apothegms. 


Send for our new 
illustrated catalogue, 
containing full list 


COLONIAL DAYS AND WAYS 


By Maurice THompson. InthisbookMr. Thomp- By HELEN EVERTSON SMITH. A delightful book, 
son writes of his winters on the shores of the Gulf describing early days in the New England and New 
of Mexico. With colored frontispiece. 12mo, $1.50. York colonies. S8vo, 350 pages, $2.50. 


Sold by all booksellers. Sent, postpaid, on receipt of price by 


The Century Co., Union Square, Rew Work 
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THE JUNGLE BOOKS. Rudyard 
Kipling's stories of the Indian jungle. 
Classic. Two books, $1.50 each. 

CAPTAINS COURAGEOUS. 
Rudyard Kipling’s story of the Grand 
Banks. Illus. by Taber. $1.50. 

THE SINKING OF THE * MER- 
RIMAC.”’ By Richmond Pearson 
Hobson. Illustrated, r2mo, $1.50. 

THE LAKERIM ATHLETIC 
CLUB. A lively story of track and 
field, by Rupert Hughes, Illustra- 
tions by Relyea. 12mo, $1.50. 

THE DOZEN FROM LAKERIM. 
A sequel to ‘‘ The Lakerim Athletic 
Club.” Illustrated by Relyea, $1.50. 

WALTER CAMP’S BOOK OF 
COLLEGE SPORTS. A new edi- 
tion for the season of 1900-01. De- 
scribes Baseball, Foot-ball, Track 
Athletics, etc. 8vo, $1.75. 

A BOY OF THE FIRST EM- 
PIRE. By Elbridge S. Brooks. 
The adventures of a young French 
boy who was befriended by Na- 
poleon. Ilustrated, 12mo, $1.50. 


PRETTY POLLY PERKINS. 
By Gabrielle E. Jackson, author of 
‘*Denise and Ned Toodles.”’ Illus- 
trated by Relyea. 300 pages, $1.50. 

JOSEY AND THE CHIPMUNK. 
By Sydney Reid. The adventures 
of a little girl in Animal Land. 
Illustrated by Fanny Y. Cory. $1.50. 

DONALD AND DOROTHY. By 
Mary Mapes Dodge. New edition. 
One of the most popular children's 
books. 12mo, 355 pages, $1.50. 

THE LAND OF PLUCK. By 
Mary Mapes Dodge. A series of 
em stories and sketches, chiefly of 

olland. Illustrated. r2mo, $1.50. 

WHEN LIFE IS YOUNG. By 
Mary Mapes Dodge. A book of 
poems for young people. Fully il- 
lustrated. 12mo, 255 pages, $1.25. 

TOINETTE’S PHILIP. By Mrs. 
C. V. Jamison. The scene is laid 

artly in New York and partly in 

ew Orleans. Illustrated by Regi- 
nald Birch. Small quarto, $1.50. 


Books for Boys. 


THE BOOK OF THE OCEAN. 
By Ernest Ingersoll. A handsome 
volume, profusely illustrated. $1.50. 


MASTER SKYLARK. By John 
Bennett. A story of the time of 
Shakspere and Queen Elizabeth. 
Illustrated by Birch. 12mo, $1.50. 

DADDY JAKE. By Joel Chand- 
ler Harris. Uncle Remus stories. 
Illustrated by Kemble. 12mo, $1.25. 

THE WHITE CAVE. By Wil- 
liam O. Stoddard. Life and ad- 
venture in Australia. Illustrated, 
I2mo, $1.50. 

THE SWORDMAKER’S SON. 
By William O. Stoddard. Boy life 
in Palestine. Illustrated, 12mo, 280 
pages, $1.50. 

TWO BIDDICUT BOYS. By J. 
T. Trowbridge. A lively story for 
boys and girls. Illustrated by W. 
A. Rogers. 12mo, 286 pages, $1.50. 

THE PRIZE CUP. By Jj. T. 
Trowbridge. One of the best of Mr. 
Trowbridge’s books for boys. Illus- 
trated by Relyea. 12mo, $1.50. 


Books for Girls. 


DOWN DURLEY LANE. By 
Virginia Woodward Cloud. Hu- 
morous ballads in the old-time spirit. 
Illustrated by Birch. $1.50. 

ST. NICHOLAS SONGS. An 
illustrated music-book for the home. 
200 pages, 112 songs, cloth, $2.00; 
boards, $1.25. 

QUICKSILVER SUE. By Laura 
E. Richards, author of ‘ Captain 
January."’ Showing the effect upon 
a child's character of lack of dis- 
cipline. 12mo, 177 pages, $1.00. 

THE STORY OF BETTY. Car- 
olyn Wells's story of a young maid- 
of-all-work. Illustrated by Birch. 
I2mo, 275 pages, $1.50. 

DENISE AND NED TOODLES. 
By Gabrielle E. Jackson. A aa! 
about a little girl and her pets. Il- 
lustrated by Relyea. 12mo, $1.25. 

LADY JANE. By Mrs. C. V. 
——_e. One of the most popular 

ooks for young folks. Illustrated by 
Reginald Birch. 246 pages, $1.50. 


St. NICHOLAS MAGAZINE. 
THE BROWNIE BOOKS. 
Six books with poems and pictures 
by Palmer Cox. Price $1.50 each. 


THE ST. NICHOLAS BOOK OF PLAYS AND OPERETTAS. 
A collection of plays in prose and verse, oftentimes with music, taken from 
Illustrated, 225 pages, $1.00. 


ARTFUL ANTICKS. 
A collection of verse and pictures by 
Oliver Herford. $1.00. 


Books for Woung Folks. 


Including only such books as have had a wide sale and are regarded as 
standard,— with a few new books. 


The Century Series, 
by Elbridge S. Brooks, 


AUSPICES OF THE 
COLOMIAL WARS 


ISSUED UNDER THE 
oF 


PATRIOTIC BOOKS. 


Each a volume of about 225 

pages, with 200 illustrations, 
price $1.50; issued under the 
auspices of the different patri- 
otic societies. 
THE CENTURY BOOK OF 
THE AMERICAN COLONIES, 
describing the trip of a party of 
boys and girls with their uncle 
to all of the important early 
American colonies between 
Louisiana and Nova Scotia. 


THE CENTURY BOOK FOR 
YOUNG AMERICANS. 


THE CENTURY BOOK OF 
FAMOUS AMERICANS. 

THE CENTURY BOOK OF 
THE AMERICAN REVOLU- 


HERO TALES 
FROM AMERICAN HISTORY 
By Theodore Roosevelt and 
Henry Cabot Lodge. A collec- 
tion of twenty-six stories de- 
scribing deeds of heroism and 
famous battles. 325 pages, il- 
lustrated, $1.50. 


SOME STRANGE CORNERS 
OF OUR COUNTRY. By 
Charles F. Lummis, telling of 
the wonderland of the south- 
west, the Grand Cajfion of the 
Colorado, etc. Fullyillustrated, 
270 pages, $1.50. 


Send for Illustrated Catalogue. 


Ube Century Co., Union Square, Hew Work. 
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CENTURY MAGAZINE 


1901—A Dear of Romance—1901 
NOVELS AND STORIES BY 


RUDYARD KIPLING, 
GEO. W. CABLE, 


W. D. HOWELLS, 


RUTH McENERY STUART, 


WINSTON CHURCHILL, 
HENRY JAMES, 


F, ANSTEY, 
MRS. BURNETT, 


Thomas Nelson 
PAGE, 


HAMLIN GARLAND, 


Chester Bailey 
FERNALD, 


DAVID GRAY, 


Virginia Fraser 
BOYLE, 


JACOB A. RIIS, 


Joel Chandler 
HARRIS, 


MARY E. WILKINS, 


Harry Stillwell 
EDWARDS, 


The Christmas 
Century. 


Illustrations in Colors. 
Opening instalment of 


A PANORAMA 
OF THE RHINE. 


Text by Aucustine Birrett, M. P. 
Pictures by ANDRE CASTAIGNE. 


HER MOUNTAIN LOVER. 
Second instalment of a Transat- 
lantic novel by HAMLIN GARLAND, 
n in the November number 
(offered free to new subscribers, 
see below). 


CHRISTMAS STORIES. 

“Broken Wings,” by HENRY 
JAMES (illustrated). 

“The Lace Camisole,” by L. B. 
WALFORD, author of The Baby's 
Grandmother,” ‘‘ Mr. Smith," etc. 

“A Hired Girl,” by Epwin Asa 
D1x,author of ‘‘ Deacon Bradbury.” 

“Ghosts Who Became Fa- 

”” a Christmas fantasy by 
CAROLYN WELLS. 

“While the Automobile Ran 
Down,” a Christmas extravaganza, 
CHARLES BATTELI. LOOMIs, 
illustrated by F. Y. Cory. 


F. R. STOCKTON, 
BRET HARTE, 


John Luther 
LONG, 


IAN MACLAREN, 


Sarah Orne 
JEWETT, 


S. WEIR MITCHELL, 


Edwin Asa 
DIX, 


L. B. WALFORD, 


Flora Annie 
STEEL, 


LEW WALLACE, 


Elizabeth Stuart 
Phelps WARD, 


C. D. WARNER. 


“THE HELMET OF NAVARRE” 


A fascinating novel, full of adventure and action, the scene laid in France three hundred years 
ago, began in the August, 1900, CENTURY, and will continue for several months in 1901. Critics 
everywhere are enthusiastic over the opening chapters of this remarkable story,—‘* The author's 
fame is apparently established with this, her maiden effort,” says the Boston Transcript; ‘‘A 
remarkable performance,” Zhe Critic calls it. 

On and after the issue of the December (Christmas) CENTURY, we will send the August, 
FR EE September, October and November numbers (containing first four instalmen:s of 

‘‘ The Helmet of Navarre”) free of charge to any persons who will subscribe to THE 

CENTURY for one year, beginning with the December number. Remit $4.00, the yearly sub- 
scription price, and get SIXTEEN NUMBERS FOR THE PRICE OF TWELVE. 

Remit by check, draft, money-order or express crder. Cash should be registered. 


THE CENTURY CO., UNION SQUARE, NEW YORK. 
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Laird & Lee’s New Publications 


For Home, Library, Christmas, and Birthday Gifts 


Baby Goose: His Adventures. By Fanniz E. OsTRANDER. Designs by R. 
W. HIRCHERT. Rollicking rhymes and dashing pictures. Unequaled in chil- 
dren’s literature. Each page a three-color illustration with text inserted. The 
delight of little ones — and big ones too. They will enjoy the capers of the dog, 
the cat, the rat, the clown, the lion, the pig, the Hindoo, the Chinaman, the 
maiden fair, the little darkey, the monkey, the kits, and dozens of other actors in 
this brilliant little drama. A beautiful holiday gift. Large royal quarto, 
oblong shape, cover in four colors. Twelve colors used through the book. Fancy 
wrapper. In a box. $1.25. “Among children’s books, stands first.”—AZoston 
Times. 

Fireside Battles. By Annie G. Brown. A delightful story for girls. True 
to life, full of sentiment, wit, and action. Exquisitely illustrated by J. C. Lkven- 
DECKER, the eminent artist. dition de Luxe. 8vo. Special cover in colors. 
Ina box. $1.25. ‘Will rapidly rank among classics.”—Milwaukee World. 


The Heart of a Boy. LZdition de Luxe. From the 224th edition of EDMONDO 
DE AMICIS. Illustrated with 26 text etchings and 33 full-page, half-tone engravings. A book now read 
in twenty languages. Fine half-tone paper. New, artistic cover design. “ There are few finer things 
in the world’s literature than 7he Heart of a Boy.”—Denver Republican. “The best of its kind.”— Boston 
Times. Superb binding, in gold and colors; gilttop. Inabox. $1.25. 


A Fairy Night’s Dream. By KATHARINE E. CHAPMAN. A dainty story of the Fairies’ mysterious 
doings in the land of Oberon and Titania. Children’s and parents’ delight. Ten exquisite full-page 
half-tones; frontispiece and cover in colors. Royal quarto, artistic binding. One of the very best of 
Christmas presents. Ina box. $1.00. “One of the handsomest of Juveniles.”—Detroit Journal. 


The World’s Best Proverbs and Short Quotations. For Public Speaking, Literary Work, and 
Everyday Conversation. A new compilation from ancient and modern American and foreign sources. 
Alphabetically arranged by subjects. By GEORGE H. OPDYKE, M.A. Cloth, $1.00. Full leather, 
full gilt, $1.50. A unique work for every library, public or private. 


You and Your Doctor. By WILLIAM B. DOHERTY, M.D., Member of Kentucky State Medical 
Society. A witty, eloquent, powerful book on “ Health, and the Care of It.” Valuable, practical informa- 
tion about Sleep, Air, Food, Drink, Bathing, Hemorrhages, the Baby, etc., etc. Treatment of accidents 
and emergencies before the doctor arrives. Illustrated. Silk cloth, library style. $1.00. 


The Practice of Palmistry for Professional Purposes and Scientific Students. By Comte 
C. DE SAINT-GERMAIN, A.B., LL.M. (University of France), author of Practical Palmistry (45,000 copies 
sold). Two volumes in one. Exactly similar in size, contents, and illustrations to the two-volume de 
Luxe Edition of the same work -—now entirely out of print and unobtainable at any price. 1254 Original 
Illustrations, with a Complete Palmistic Dictionary. 

“A most extraordinary feat of literary as well as scientific labor.”—.S?¢. Paul Glode. 

Present price, large royal octavo vc!yme, 840 columns, polished top, uncut edges, in a box, $3.50. 
Former price in de Luxe Edition (exhausted), $7.50. 


Size, rx X 9% inches. 


OPIE READ’S GREAT STORIES — The Flower of American Fiction 
The Carpetbagger. His latest and best. Illustrated with photos from life. Special cover design. $1.00. 
6—SELECT NOVELS OF SPLENDID MERIT —6 


A Kentucky Colonel The Jucklins A Tennessee Judge 
My Young Master Old Ebenezer On the Suwanee River 


Beautifully bound in Holliston Linen, uncut edges, gold tops. The 6 vols. in a box, $6.00. Each vol., $1.00. 


THE CREAM OF JUVENILE LITERATURE 
5— Stories of Sterling Value for Boys and Girls—5 


ASHLEY’s famous trio, Tan-Pile Jim; Dick and Jack’s Adventures; Air-Castle Don; 
STANLEY’s Rex Wayland’s Fortune; Minerva THorre’s Two Chums, Ail profusely illustrated. 
Handsome cloth bindings, special designs. $1.00 each. 


SOLD BY ALL BOOKSELLERS, OR WILL BE MAILED POSTPAID ON RECEIPT OF PRICE 


LAIRD & LEE, Publishers, 263-265 Wabash Ave., Chicago 
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NEW EDITION JUST ISSUED 
NEW PLATES THROUGHOUT 


Now Addea 25,000 NEW WORDS, Phrases, Etc. 


Rich Bindings # 2364 Pages # 5000 Illustrations 
Prepared under the direct supervision of W. T. Harris, Ph.D., LL.D., United States Com- 
missioner of Education, assisted by a large corps of competent specialists and editors. 


BETTER THAN EVER FOR“GENERAL USE 


Also Webster’s Collegiate Dictionary with valuable Scottish Glossary, etc. 
¢¢ First class in quality, second class in size.’” Nicholas Murray Butler. 


Specimen pages, etc., of both books sent on application. 


G, & C. MERRIAM CO., Publishers, Springfield, Mass., U. S. A. 


FOUNDED BY E. LITTELL IN 1844 


THE LIVING AGE 


A Weekly Magazine of Contemporary Literature and Thought. 


A NECESSITY TO EVERY READER OF INTELLIGENCE AND LITERARY TASTE. 
Each Weekly Number Contains Sixty-four Pages, 


In which are given, without abridgment, the most interesting and important contributions to the peri- 
odicals of Great Britain and the Continent, from the weighty articles in the quarterlies to the light literary 
and social essays of the weekly literary and political journals. Science, Politics, Biography, Art, Travel, 
Public Affairs, Literary Criticism, and all other departments of knowledge and discussion which interest 
intelligent readers are represented in its pages. 


“THE SIEGE OF THE LEGATIONS.” 


THE LIVING AGE will begin in its issue for November 17, and will continue for several successive numbers, 
a thrilling account of ‘‘ The Siege of the Legations,”’ written by Dr. Morrison, the well-known correspondent of 
the London 7imes at Peking. is narrative is of absorbing interest in its descriptions of the daily life of the 
besieged legationers, and it is noteworthy also as containing some disclosures relating to the inside history of what 
went on at Peking in those stirring days, which are altogether new and of the utmost importance. The unusual 
length of Dr. Morrison's narrative has precluded and probably will preclude any other publication of it on this 
side of the Atlantic. In England it has attracted wide notice. 


FREE FOR THREE MONTHS. Until the edition is exhausted, there will 

be sent to each new subscriber for 1001, on 
request, the numbers of THE LIVING AGE from October 1 to December 31, 1900. These numbers will 
contain The Siege of the Legations, as above, Heinrich Seidel’s attractive seria!, The Treasure, aid the 


opening chapters of A Parisian Household by Paul Bourget. These serials are copyrighted by THE 


LIVING AGE and will appear only in this magazine. 
Published WEEKLY at $6.00 a year, postpaid. Single numbers 15 cents each. Address 
THE LIVING AGE COPIPANY, 


P. 0. Box 5206. Bo: ton. 


R. KR. Donnelley & Sons Co. 


The Lakeside Press 
PRINTERS AND BINDERS 


THE PRINTING OF BOOKS DEMANDING TASTE AND CAREFUL EXECU- 
TION, PRIVATE EDITIONS, COLLEGE CATALOGUES AND ANNUALS A 
SPECIALTY. WE PRINT MORE FINE BOOKS THAN ALL OTHER HOUSES 
WEST OF NEW YORK. OUR NEW FACTORY, RUN ENTIRELY BY ELEC- 
TRICITY, IS THE MOST ADVANCED PRINTING PLANT IN THE COUNTRY, 
THE LAKESIDE PRESS BLDG., PLYMOUTH PLACE, COR. POLK, CHICAGO. 
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Works of General Literature 


OF VALUE TO STUDENTS 


McLOUGHLIN AND OLD OREGON 


By Eva Emery Dye. 12mo, gilt top, with frontispiece, $1.50. 


‘* The vital history of a State . . . told with art and power.’’— Zhe Argonaut, San Francisco. 


‘* Mrs. Dye’s narrative . . . readslikearomance . . . some of the chapters are more interesting 
than most of the recent novels."’"—New York Times’ Saturday Review. 


‘* From beginning to end the story is lively, brilliant, picturesque.’’"— The /ndependent, New York. 
‘«Mrs. Dye has the historian’s gift for bringing out significant events, the novelist’s gift for vivifying 


characters."’— The Buffalo Express. 


THE LAST YEARS OF THE 19TH 
CENTURY 


By ELIZABETH WORMELEY LATIMER, author of 
France in the 19th Century, etc. Illustrated. 
Crown 8vo, $2.50. 


Mrs, Latimer’s several histories of the 19th Century, 
namely, Spain, Italy, Europe in Africa, England, Russia, 
and ‘Turkey, and France, are here in one volume continued 
so as to include all the events of note up to the very close 
of the roth Century. The book thus proves a valuable, not 
to say indispensable, supplement to the former volumes of 
the series. The book is a model of elegant, familiar, 
epistolary style, clear insight, and judicious selection of 
interesting matter. 


DR. HUDSON’S WORKS 
THE DIVINE PEDIGREE OF MAN 


OR, THE TESTIMONY OF EVOLUTION AND 
PSYCHOLOGY TO THE FATHERHOOD OF GOD. 

By THomsoN Jay Jupson, LL.D. Third edi- 
tion. I2mo, $1.50. 

This is a powerful and eloquent argument in favor of 
Christian Theism, based on the accepted facts of Evolution 
and Psychology. The work presents an original interpre- 
tation of the mee of development, and advances a 
convincing argument against the atheistic position. 

By the same author, The Law of Psychic Phenomena 
Thirty-fifth thousand, r2mo, $1.50. 

A Scientific Demonstration of the Future Life 

12mo, $1.50. 


THE PRIVATE MEMOIRS OF 
MADAME ROLAND 


Edited, with an Introduction, by EDWARD GIL- 
PIN JOHNSON. Illustrated. 1I2mo, gilt top, 
deckle edges, $1.50. 

‘*Mme, Roland is both a heroine of romance and an 


historic personage whom no one could think of overlook- 
ing.” — The Nation, New York, 


**The present work deserves high praise . . .. a fit 
form ... . skillfully illustrated.”—7he Out- 
look. 


“* Will become known by thousands of new readers.”"— 
Beston Journal, 


MEMOIRS OF ALEXANDER I. AND 
THE COURT OF RUSSIA 


By MME. LA COMTESSE DE CHOISEUL-GOUF- 
FIER. Translated from the French by Mary 
Berenice Patterson. With portraits. 12mo, 
gilt top, deckle edges, $1.50. 


Only two copies of the original of this work are known 
to exist, from one of which the present translation is made. 
The account of Napoleon is of exceptional interest. 

** Most interesting throughout.”—New York Times. 

“A work of more than usual interest and value,”’— 
Evening Gazette, Boston. 

**Intimately personal . . . . casts a valuable light upon 
the movements and aspirations of Europe.’’—/ndependent, 
New York, 

“It is a pleasure to open and a delight to read the 
book.” — The Living Church. 


UNCANONIZED Horror Porras 


The romance is the life story of Anthony Fitz-Hubert, son of the Archtishop of Canterbury, who abandoned the brilliant 
career of a favorite at the court of V.ing John to become a monk in order to ave his father’s soul. 
““One of the most powerful romances that has ever appeared over the name of an American writer.”’--PAtladelphiz 


Inquirer. 


** One who opens the book will not close it before it is finished, except with reluctance.””"—S?, Louts Globe Democrat. 
“* Every character is a study, every detail of court and cloister carefully pictured.”—Loursville Courier Journal. 


A GENERAL SURVEY OF AMERI- 
CAN LITERATURE 


By MARY FIsHER, author of A Group of French 
Critics. 12mo, gilt top,deckle edges. $1.50. 


Treats biographically and critically all the noteworthy 
names in our literature. A well-balanced, thoughtful, and 
inspiring work, 

“‘ Miss Fisher’s studies are thorough ; she is a fearless 
critic, unhampered b tradition, and her style of presenta- 
tion is exceedingly pleasant and quite stimulating.” —7he 
Interior. 


OPPORTUNITY, AND OTHER 
ESSAYS AND ADDRESSES 


By Rt. REv. J. L. SPALDING, Bishop of Peoria, 
author of Education and the Higher Life, 
Things of the Mind, etc. 12mo, $1.00. 
Chiefly addresses on the subject of Education. 

“ Rich in wholesome thought, full of a fine, strong op- 
timism, and glowing with intense Christian earnestness,””"— 
The Independent, New York. 

** A volume such as one might profitably catch up from 
one’s reading table dozens of times in a week.’’—Zoston 
Budget. 


F le by bookse! lly, Wabash Ave., 
ren. Ae ©. McClurg & Co., 
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PHOTOGRAPHS, and Valuable Illustrative Material 


From almost every section of our country, can be 
secured in exchange for specimens from your locality 


Send two 2-cent stamps for our descriptive circular 


ADDRESS 


The American Bureau of Geography, 


WINONA, MINNESOTA 


Burlington 


Dining Cars 


Service a la Carte 


UR 8,000 miles of rail- 

road reach out from 

are always on the tables, 

St. Louis to all the important 

cities in the west and north- 
west such as 


ST. PAUL 


and delicate china, glass and 
silver add to the pleasure of a dinner 


well cooked and daintily served. MINREAPOLIS 


KANSAS CITY 
DENVER 


: If you are going to any of 

these places or to the Pacific 

All the Season’s Delicacies BM coast, kindly let me send you 
at Very Moderate Prices = time tables and other informa- 


tion about our train service. 


P. S. Eustis, 
Gen'l Pass. Agt., C. B. & Q. R. R., 
CHICAGO, ILL. 
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The Journals of the University of Chicago 


BEING THE DESCRIPTIVE LIST OF ONE WEEKLY, FOUR 
MONTHLY, ONE BI-MONTHLY, THREE QUARTERLY, 
AND ONE SEMI-QUARTERLY PUBLICATIONS & 


BIBLICAL WORLD 


Edited by President W. R. Harper. A popular illustrated 
monthly magazine, Subscription price in the United States, 
$2.00 a year; foreign, $2.50; single copies, 20 cents. 

The Biblical World is devoted exclusively to bibli- 
cal study, and so edited and illustrated as to afford 
the greatest aid to the busy clergyman, the pro- 
gressive Sunday-school teacher, and the thinking 
layman. 


THE SCHOOL REVIEW 


Edited by Cartes H. Tuurser. Published monthly, excep‘ 
in July and August. Subscription price in the United States’ 
$1.50 a year; foreign, $2.00; single copies, 20 cents, 

So adequately has the School Review served the 
interests of high school and academy work that it 
has come to be recognized as the official organ of 
secondary education in the United States. It is 
devoted exclusively to this field, is progressive, 
practical, and helpful, and is indispensable to every 
teacher. 


THE BOTANICAL GAZETTE 


Edited by Joun M. Courter. Published monthly, with illus- 
trations. Subscription price, $4.00 a year in the United 
States; foreign, $4.50; single copies, 50 cents. 

The Botanical Gazette is an illustrated monthly 
journal devoted to botany in its widest sense. For 
more than twenty years it has been the representa- 
tive American journal of botany, containing contri- 
butions from the leading botanists of America and 
Europe. 


THE AMERICAN JOURNAL OF SOCIOLOGY 


Edited by Atsion W. Published bi-monthly, with 
illustrations. Subscription price, $2.00 a year in the United 
States ; foreign, $2.50; single copies, 35 cents. 

The special aim of the American Journal of Soci- 
ology is to show that the “social problem” is both 
many problems and one problem. It has already 
made itself indispensable to Americans who are 
trying to keep informed about the general tenden- 
cies in the rapidly changing field of sociology. 


THE AMERICAN JOURNAL OF SEMITIC 
LANGUAGES AND LITERATURES 


Edited by President Witt1aM R, Harper, of the University of 
Chicago. Published quarterly. Subscription price, $3.00 
a year; foreign, $3.25; single copies, 75 cents, 

The object of this journal is to encourage the 
study of the Semitic languages and literatures, to 
furnish information concerning the work of Semitic 
students at home and abroad, and to act as a medium 
for the publication of scientific contributions in those 
departments. Articles are published in German, 


French, and Latin, as well as in English. 


THE JOURNAL OF GEOLOGY 


Edited by T, C. CoamBertin. Published semi-quarterly, with 
illustrations. Subscription price, $3.00 a year in the 
United States; foreign, $3 50; single copies, 50 cents. 

Devoted to the interests of geology and the allied 
sciences, and contains articles covering a wide range 
of subjects. Adapted to young geologists, advanced 
students, and teachers. 


THE ASTROPHYSICAL JOURNAL 


Edited by Gzorce E. Hare and James E, Keerer. Pub- 
lished monthly, except in July and September, with illus- 
trations. Subscription price, $4.00 a year; foreign, $4.50; 
single copies, 50 cents. 

An international review of spectroscopy and as- 
tronomical physics. Invaluable to all who are in- 
terested in astronomy and astrophysics. 


THE JOURNAL OF POLITICAL ECONOMY 


Edited by J. Laurence Laucuun. Published quarterly. 
Subscription price, $3.00 a year; single copies, 75 cents. 
This publication promotes the scientific treatment 
of problems in practical economics, and also con- 
tains contributions on topics of theoretical and 
speculative interest. 


THE AMERICAN JOURNAL OF THEOLOGY 


Edited by the Divinity Faculty of the University of Chicago, 
Published quarterly. Subscription price, $3.00 a year in 
the United States; foreign, $3.50; single copies, 75 cents, 

The only journal in the wc:'d so catholic in its 
scope as to cover the entire field of modern investi- 
gation and research in all the different lines of 
theological thought represented by special fields and 
particular schools. 


THE UNIVERSITY RECORD 


Edited by the Recorder of the University. Published weekly 
on Fridays at 3:00 Pp. M. Yearly subscription, $1.00; 
single copies, 5 cents. 

The University Record is the official weekly pub- 
lication of the University of Chicago. It contains 
articles on literary and educational topics. The 
quarterly convocation addresses and the President’s 
quarterly statements are published in the Record in 
authorized form, together with a weekly calendar of 
University exercises. A special monthly number, 
enlarged in size, is issued the first full week in each 
month. 


SAMPLE COPIES FREE ON REQUEST. ADDRESS 
THE UNIVERSITY OF CHICAGO 
PRESS CHICAGO, ILLINOIS 
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NOTICE 


The EXCELLENT 
PASSENGER 
SERVICE 


From CHICAGO 
To the EAST 


ALL Trains Dany 


28 10:35 p.m. 


32 3:00 a.m, 


6 8:30a.m. Buffalo, Albany, and New York. 
10 10;30a.m, New York and Boston Special. 
16 2:00 p.m. New England Express. 
22 5:30p.m, Lake Shore Limited. 

8:30 p.m. Cleveland. 


New York and Boston Express, 


Buffalo and East. 


City ticket office, 180 Clark St. 


F,M. BYRON,G.W.A., 
Chicago, Ill. 


A. J.SMITH,G. P.A., 
Cieveland, 


| THE PERPETUAL LEDGER 


Is a guide to safe, simple, sure 
labor-saving accounting systems. 


ADAPTED TO ANY FORM 
OF RECORD 


With its help your affairs will always 
be in business-like shape. If your 
records are tangled and you feel the 
need of a more modern system, we 
should be glad to have one of our 
staff call on you, no matter where you 
are located, and explain bookkeep- 
ing as a science, and what the Perpet- 
ual Loose Leaf Systems will do for 
you. 


BAKER-VAWTER COMPANY 


ATCHISON, RAN. CHICAGO HOLYOKE, MASS. 


Papers 


lishment 


Established 1837 


Holiday Stationery 


IS GIVEN OUR MOST CAREFUL ATTEN- 
TION AT THIS SEASON OF THE YEAR 


Embossed Monogram and Tnitial Note 


Properly Engraved Visiting Cards 
Exquisite Hand-Painted Menus 


Everything that is neat, artistic, and in proper 
form in Fine Stationery is found in our estab- 


Fine Leather Goods (onty the dest) 


For ladies and gentlemen. Purses, Pocket- 
books, Card Cases, Bill Books, Portfolios, etc. 


Novelties in Cut Glass 


Brass, Gold-Plated and Silver Inkstands, 
Writing Tablets, etc. 
WRITE US FULLY, AND WE MAY BE 


ABLE TO HELP YOU MAKE SATISFAC- 
TORY SELECTIONS 


S. D. CHILDS & CO. 


Stationers and Engravers 


140-142 MONROE STREET 
CHICAGO 


MAKES ME SO ANGRY?” | 
“MY ink is like glue, . 


pen is like « paint brush.” 
Millions think this asily. Don't you? You always ¢ 
have clean ink and a clean pen if you use th > 


National 
Automatic Ink Stand. 


Gravity works it, never out of 
order, always ready, non-evaporat- 
ing and duet proof Lift Pen and 
cover raises ‘nstantly free from all 
interference when dipping. Re- 
placing Pen automatically 
cover dust tight. * ~~ most perfect 
ink stand made.” ace for your pen and a good reason for puttin 
it in its place. Im use - U. Goverument and leading commercia. 
establishments Working Parts are made of Aluminum Roman 
finish permanent white surface. Will please the most critical because cf 
its beauty and automatic perfection. A compliment to 

and 6c in stamps. By return mail we forward in 
Send d Us 50c stand complete (guaranteeing safe delivery) and if 


not ped sanguine expectations we will remit 


establishments throug 
AUTOMATIC 


Pet Pa 


( 
( 


INK WELL CO., Market St., Chicago. 
THE WESTON STANDARD 
Voltmeters 


—and— 


Ammeters. 


Portable, 
Accurate, 
Reliable and 


Sensitive. 


WESTON ELECTRICAL INST. Co., 


114 WILLIAM ST., NEWARK, N. J. 
Beriin—European Weston Electrical Instrument Co., 
Ritterstrasse ‘No. 88, 
Lonpon—Elliott Bros., No. ror St, Martins Lane. 
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THE UNIVERSITY 


Announcements of Ow 


ENGLISH 


The Assembly of Gods; or, The Accord of Rea- 
son and Sensuality in the Fear of Death. By 

OHN LYDGATE. Edited by OSCAR LOVELL 

RIGGS. 192 pages. Royal 8vo, paper, ze?, $1.00. 

Metaphor and Simile in the Minor Elizabethan 
Drama. By FREDERIC IVES CARPENTER. 217 
pages. Royal 8vo, paper, ze/, $1.00. 


The:Treatment of Nature in English Poetry Be- 
tween Pope and Wordsworth. By Myra ReEy- 
NOLDS. 280 pages. Royal 8vo, paper, me/, 75 
cents. 

The Arte or Crafte of Rhethoryke. (LEONARD 
Cox.) Edited by FREDERIC IVES CARPENTER, 
PH.D. 117 pages. Royal 8vo, paper, met, $1.00. 


LANGUAGES 


Studies in Classical agp 5 Vol. I, 8vo, 
239 pages. Boards, met, $1.50. Vol. II, 8vo, 243 
pages. Boards, wet, $1.50. Vol. III, in prepara- 
tion. 

Syntax of the Moods and Tenses in New Testa- 
ment Greek. By ERNEST D. BURTON. 215 pages. 
t2mo. Cloth, met, $1.50. 


Germanic Studies. Containing three numbers. 
Royal 8vo, paper, wet, fer number, 50 cents. 
Assyrian and Babylonian Letters. Edited by 
ROBERT FRANCIS HARPER. In four parts with 
— of texts. 8vo, cloth, met, per part, $6.00. 
arts five and six in preparation. 


RELIGION AND THEOLOGY 


The Present Status of the Inquiry Concerning 
the Genuineness of the Pauline Epistles. By 
BERNHARD WEISS, THEOL.D. 78 pages. Royal 
8vo, paper, 50 cents. 

Books for New Testament Study. Prepared by 
CLYDE WEBER VOTAW and CHARLES F. BRAD- 
LEY. 80 pages. Royal 8vo, paper, 50 cents; cloth, 
75 cents. 

The Contest for Liberty of Conscience in Eng- 
land. By WALLACE ST. JOHN. 155 pages. Royal 
8vo, paper, 50 cents; cloth, 75 cents. 


The Primitive Era of Christianity as Recorded 
in the Acts of the Apostles, 30-63 A. D. By 
CLYDE W. VOTAW. 122 pages. 8vo, paper, 25 
cents. 


Constructive Studies in the Life of Christ. By 
ERNEST D. BURTON and SHAILER MATHEWS, 
I2 numbers; about 24 pages to a number. 8vo, 
paper, 5 cents per copy; 40 cents for series of 12 
numbers. (These quotations are good only till Jan. 
I, Igor, after which, new publication arrangements 
will be made and the price advanced.) 


PHILOSOPHY AND PEDAGOGY 


The School and Society. By JOHN DEwrRY. 
Third edition. 130 pages. t2mo, cloth with gilt 
top, $1.00. 

Contributions to Philosophy. Vol. I, contain- 
ing five numbers. 8vo, paper, met, per number, 
35 cents. Vol. II, containing two numbers. 8vo, 
paper, net, per number, 35 cents. 


The Prospects of the Small College. By PREsI- 
DENT WILLIAM R. HARPER. 50 pages. I2mo, 
paper, wef, 25 cents. 

Report of the Educational Commission of the 
City of Chicago. Second edition. 250 pages. 
Royal 8vo, paper, et, $1.00. 


SOCIOLOGY AND ANTHROPOLOGY 


Bulletins of Anthropology. By FREDERICK 
STARR. Comprising four numbers. Royal 8vo, 
paper, et, per number, 50 cents. 

Standards of Living in its Relation to Economic 
Theory and Land Nationalization. By FREDER- 
ICK W. SANDERS. 64 pages. Royal 8vo, paper, 
50 cents. 


An Analysis of the Social Structure of a West- 
ern Town. By ARTHUR W. DUNN. 53 pages 
with maps. Royal 8vo, paper, we, 25 cents. 

Food as a Factor in Student Life. By ELLEN 
H. RICHARDS and MARION TALBOT. 28 pages. 
Royal 8vo, paper, #e?, 25 cents. 


POLITICAL SCIENCE AND POLITICAL ECONOMY 


The Science of Finance. An authorized transla- 
tion of GUSTAVE COHN’S ‘ Finanzwissenschaft."’ 
By T. B. VEBLEN. 800 pages. Royal 8ve, cloth, 
$3.50. 

History of the Union Pacific Railway. By 
HENRY KIRKE WHITE. 132 pages. Royal 8vo, 
cloth, $1.50. 

The Indian Silver Currency. By KARL ELL- 
STAETER. Translated from the German by J. 
LAURENCE LAUGHLIN. 132 pages. Royal 8vo, 
cloth, $1.25. 


State Aid to Railways in Missouri. By JOHN 
W. MILLION, A.M. 264 pages. Roya! 8vo, cloth, 
$1.75. 

History of the Latin Monetary Union. By 
HENRY PARKER WILLIS. Royal 8vo, cloth, $2.50. 


The Charters of the City of Chicago. By Ep- 
MUND J. JAMES. In two parts. Royal 8vo, paper, 
net, per part, 5o cents. 

The Education of Business Men. By EDMUND 
J. JAMES. 322 pages. 8vo, paper, met, 50 cents. 


THE FIRST COMPLETE CATALOGUE OF THE PUBLICATIONS OF THF UNIVERSITY OF CHICAGO 
PRESS WILL BE SENT ON APPLICATION. ADDRESS 


The University of Chicago Press, Chicago, Illinois 
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HAS THE 


STRE NGTH OF 
IBRALTAR) 


The Only American Life Insurance Company 
Awarded a Gold Medal at the Paris 
International Exposition of 1900 was 


THE PRUDENTIAL 


Insurance Company of America. 


Home Office: John F. Dryden 
tion. ’ 
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A Tonic and Nerve Food 


in a new size 


of the Liquid 


HORSFORD’S 
Acid Phosphate. 


When exhausted, depressed 


or weary from worry, insom- C/ The event of the 

nia or overwork of mind or x year in dentifrices. 
body, take half a teaspoon of is Beware of counterfeits 
Horsford’s Acid Phosphate in iE and substitutes of this, 
~ theworld’s best known 


= 


half a glass of water. 


It nourishes, strengthens and im- 
parts new life and vigor by supplying 
the needed nerve food. 


dentifrice. Insist upon 
getting the genuine at 

¢ stores. li necessary 
send 25c. direct to the 
Proprietors, P. O. Box 
247, New York City. 


HALL & RUCKEL 
NEW YORK LONDON 


_Sold by Druggists in original packages only. 


BORATED TA 


Awarded 


“GRAND PRIX’ 
Paris Exposition 


Delightful After Bathing 
A Luxury After Shaving 


A POSITIVE RELIEF FOR 


ton: 
Philadelphia; 924 Chestnut St. 


CHAPPED HANDS, Chicago: 74 Btate St. 


CHAFING, 


and all afflictions of the skin. Removes 
| all odor of perspiration. 


Get MENNEN’S (the original), 2 /ittle 
higher in price, haps, than worthless 
sebstitules: but there is a reason for it. 

/ Refuse all other powders, which are 
liable to do harm. 

Sold every where, or mailed for 25 cents. 
(Sample free.) 
GERHARD MENNEN CO., Newark, N, J. 


a 
3 
Life ONT 
T : 
\7 J AFTER BATHING : 
wool | | | 
Brooklyn: 504 Fulton 8t, 
| a 


Rely on 
Platt’s 
Chlorides 
as your 
household 
disinfectant. 


An odorless, color- 
less liquid; power- 
ful, safe and cheap. 

Destroys disease 
germs and noxious 
gases, thus prevent- 
ing sickness. Sold in 
quart bottles only by 
druggists and high- 
class grocers. Pre- 
pared only by Henry 
B. Platt, Platt Street, 
New York. 


PORE! HEALTHFUL! STRENGTHENING 


Sold at our Stores and by -- 
GROCERS EVER ERE - 


Mineral Springs 
Water 


FROM IT 18 MADE 
THE FAMOUS 


Boro-Lithia 
Water, Gin- 
ger Ale, and 
Wild Cherry 
Phosphate. 


47 to 53 E. Kinzie St., 
CHICAGO, Iil. 


Telephone 
Main 605 and 608 


We will deliver anywhere in the 
U. S. we can reach by express [we 
will pay express charges] a case 
containing enough 


TOILET 
PAPER 


To last any average family a full year; 
finest satin tissue, A. P. W. BRAND. 


If you ever saw better at anything like the price 
per 1000 sheets, we will refund the dollar. Our 

arantee is good —we are the largest makers in 
the world, and originated the perforated roll. 


Sample Sheets and Booklet mailed FREE 


A. P. W. 
Paper Company 


Montgomery St., Albany, N.Y. 


MADE FROM THE BEAN 
Natts Chlori C 4 
Na 
‘ 1) 
Waukesha Hygeia|| 
THE 
nD 
| Waukesha Water Co. 


IT KEEPS THE STOMACH SWEET 


Dr. Alexander Haig, London, in « Food 
and Diet,” says; « Records 


Srom all sides 
show that the less animal flesh a people take, 


the better do they come out in trials of force 
Production, and eSpeciany in endurance.” The 
Same distinguished authority also says: © The 
Proof of the poisonous nature of meat lies in 
the beneficial results of refraining from it.” 
It seems only common sense to eat less meat 
and more Quaker Oats. 


This delicious food 
contains all of the 


Sood-elements of meat 
and none of its unwholesome qualities, 


It is at once the most perfect and most 


eS 
fh 
} 
We, \ 
\\ 
| 
\N economical food. Ea 
\ \ Cook ad Easy to 
G ok. Sold by all dealers in sealed pack~ 
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288 Babbitt’s Soap Powder 


S34 Babbitt’s Pure Potash or Lye ses 
Babbitt’s Best Baking Powder 
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H ERE is orginal popular Quality and 
workmanship the finest th collar, shirt and cuffs all 

' under one brand, made to fit each other, which makes 
them fit you, c« smbining comfort with fashion. 

' Two collars or two cuffs cost 25 cents. It does not pay to 

# pay more. Shirts cost $1.00, $1.50, or $2.00, depending on the 

§ kind you want Ask your furnisher. 

UNIT&D SHIRT AND COLLAR CO., Makers, TROY, N.Y 


The Improved 


BOSTON 
GARTER 


The Standard 
for Gentlemen 


ALWAYS EASY 


The Name “ BOSTON 
GARTER” is stamped 
on every loop. 


The p 
CUSHION 
BUTTON 


«_CLASP 


Lies flat to the leg—never 
Slips, Tears nor Unfastens. 


SOLD EVERYWHERE. 


Sample pair,Silk 50c, Cotton 25¢ 
Mailed on receipt of price. 


GEO. FROST CO., Makers, 
Boston, Mass., U.8.A, 


EVERY PAIR WARRANTED-“@@ 


sre Absolute 
Security 


and comfort which the Dr. 
Deimel underwear affords in 
the most trying climate is 
remarked upon by all its wear- 
ers. Those whose powers 
of resistance have been weak- 
ened by the pernicious use 
of enfeebling flannels derive 
new strength from this ideal 
linen undergarment. 


All true Dr. Deimel 
undergarments bear 
this Trade Mark. If 
you cannot obtain 
them, write to us. 

Booklet and sam- 
ples of the cloth free. 


We also make the finest Dress Shields 
in existence. Can be washed, are 
odorless. A guarantee with 
every pair. 


THE 


Deimel Linen-Mesh System Co. 


491 BROADWAY, NEW YORK 
2202 St. Catherine St., 111 Monigomery St., 
Montreal, Can. San Francisco, Cal. 


10-12 Bread St., 728 15th St., N. W., 
London, E. C. Washington, D. C. 
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The novel theory : / Underclothing 
of intef-aif-space, as @ is as much an agency 
means of retaining the 3) ak ; of good health as diet, 
heat of the body and exercise, of any of the 
of complete ventilation means adopted for its 

preservation. For illus- 


at one and the same 
trated catalogue, address 


time, is abundantly and 
scientifically. TROY, N. Y. 


A PIANO | 


at a NOMINAL PRICE. 

Chicago’ s larg- 
est music house, 
Lyon & Healy,to 
sharply reduce 
stock, offers sam- 
ple new uprights 

slightly used pi- i}. 
> 
> 
> 
> 
> 
a 


tip 
AG 


anos,and second- 

hand _instru- 

ments, at almost 

nominal prices. Good durable uprights 
as low as $100, warranted as represented. 
Square pianos $20 and upward. Grands 
from $200. Send for complete hist. Among 
the makersare: Decker Bros., Hardman, 
Knabe, Steinway, Weber, Hale, Bauer, 
Fischer, Hazelton, and others. If you 
are interested ina piano, do not fail to 
write. Any piano not proving exacily 
as represented may be returned at their 
expense. Address 
LYON & HEALY, 


100 Adams St., Chicago. 


The Highest of Music Box ver Manufactured. 


The only disk Music Box made that changes its tune § 
mM sheets automatically. Perfect acting yet simple mechanism. 
% Regina Music Boxes from $7 up. Illustrated catalogue free. 
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NSURE IN 


the RAVELERS, 


of Hartford, Conn. 


Oldest, 
Endowment, 
and Best ana ACCident. 


... Insurance 
OF ALL FORMS. 


Health Policies. 


Indemnity for Disability caused by Sickness. 


Liability Insurance. 


Manufacturers and Mechanics, Contractors, and Owners of 
Buildings, Horses, and Vehicles, can all be protected by policies 
in THE TRAVELERS INSURANCE COMPANY. 


Paid-up Cash Capital, . . $1,000,000.00 


ASSETS, .. .. . 
Liabilities, . . 24,9026,280.61 
EXCESS, 3% per cent basis, 4,120,456.84 


GAINS: 6 MONTHS, JANUARY TO JULY, 1900 
Increase in Reserves (both depts. 
Premiums, Interest, and Rents, 6 mos., 4,055,985.62 


J. G. BATTERSON, President. 
S. C. DUNHAM, Vice President. H. J. MESSENGER, Actuary. 
JOHN E. MORRIS, Secretary. E. V. PRESTON, Sup’t of Agencies. 


| 
Fig 
iZ 
= 
4 
. 
& ‘ 


PRIX, 


AT 
The Paris Exposition. 


This award was made by an INTERNATIONAL 
JURY OF TWENTY-FIVE MEMBERS, AND IN 
COMPET'TION WITH TWENTY OTHER 
TYPEWRITERS. 


The Smith Premier Typewriter Co., 


SYRACUSE, N.Y., U. S. A. 


The No. 2 


“* New 
Manifolding ”’ 


HAMMOND 


TYPE- 
WRITER 


IMPROVED METHOD 
INCREASED POWER 
AUTOMATIC BLOW 

SUPERIOR RESULT 


It also has a number of Valuable Mechanical 
Improvements. 


It is the Only Writing Machine that makes 
uniformly legible manifold copies. 


It is the Only Writing Machine that will write 
in many languages and styles 
of type on the same machine. 


The Hammond Typewriter Company 
FACTORY AND GENERAL OFFICES 
69th to 7oth Sts., East River, NEW YORK, N. Y., U.S.A. 


BRANCHES IN PRINCIPAL CITIES. 
REPRESENTATIVES EVERYWHERE, 


and guarantee of pencil excel- 
lence, a sure guide to pencil buyers, is the 
crucible stamp on Dixon’s American 
Graphite Pencils. Thesmoothest writing, 
finest tempered, most accurately graded 
leads for all pencil needs are found in 


Dixon’s 


American Graphite 


Pencils 


Made in conceivable style for every 
conceivable use to which a pencil may 
be put. 

If your dealer doesn't keep them, send 

léc. for samples worth double then money. 
Joseph Dixon Crucible Co., Jersey City, N. J. 


ERIGAS MOST POPULAR RAILWAY 


CHICAGO 


BETWEEN 


THROUGH PULLMAN SERVICE 
BETWEEN CHICAGO AND 


IF YOU ARE CONTEMPLATING A TRIP, ANY POR- 
TION OF WHICH CAN BE MADE OVER THE CHICAGO 
& ALTON, IT WILL PAY YOU TO WRITE TO THE UNDER- 
SIGNED FOR RATES, MAPS, TIME-TABLES, ETC. 


Gro. J. CHARLTON, 
GENERAL PASSENGER AGENT, 
CuiIcaGco, ILL. 


IS? | 

ar PERFECT PASSENGER SERVICE 

: HOT SPRINGS,Ak.DENVER.Colo, 


RELIEF PEN 


No. 314. 


Ease in Writing Unsurpassed 
0 other varieties 
of stub pens. . 


i 5 8) styles fine, medium 
and blunt points. . . 


ASK YOUR STATIONER FOR THEM. 


Tue EsTeRBROOK STEEL Pen Co, 


26 John St., New York. Works, Camden, N. J. 


Service 


~ Standard Typewriter 
defies competition 


WYCKOFF, SEAMANS & BENEDIGT 
327 Broadway, New York, N. Y. 


wing 


KOH-I-NOOR™ Doce not Break St Smear 
KOH-I-NOOR raseds 

OH:ENOOR Ouitlasts thar 


We recommend “* KOH-I-NOOR” PENCILS 


” They can be bed of ov h Class Stationer 
and Art in America 


FAVOR RUHL & CO.,, 123 W. HOUSTON STREET 
NEW YORK 


> 


DENSMORE 


THE BALL BEARINGS OF THE DENSMORE TYPEBARS ARE 
LOCATED AT THE WEARING POINTS, ON THE PROTECTION 
OF WHICH IN ANY MACHINE CONTINUOUSLY GOOD WORK 
CHIEFLY DEPENDS. 


Main Office, 309 Broadway, New York. 
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Redmond, Kerr & Co. 


BANKERS 
41 Wall Street, New York 


TRANSACT A GENERAL 
BANKING BUSINESS 


Receive deposits subject to draft. Dividends 
and interest collected and remitted. Act as Fiscal 
Agent for and negotiate and issue loans of rail- 
roads, street railways, gas companies, etc. Secu- 
rities bought and sold on commission. 


MEMBERS NEW YORK 
STOCK EXCHANGE 


DEAL IN 


High-Grade 


Investment Securities 


List of current offerings sent on application 


PHILADELPHIA CORRESPONDENTS 
GRAHAM, KERR & CO. 


= SERVICES: 
ATTENTION, 


MONON 


j. Resp Gen, Pass. Agent. 
Cuas. H. Rocxwetr. Tr. Mgr. W.H. McDoert, Pres. 


Big Four Route 


FROM 
CHICAGO 
TO 


Indianapolis, Cincinnati, Louisville, 
the 
South and Southeast. 


THE SCENIC LINE TO 
Virginia Hot Springs and Washington, D.C., 
via the Picturesque 
CHESAPEAKE & OHIO R’Y, 


the short line to 
Asheville, N. C,, and Florida, 


W. J, LYNCH, & T.A. W. P, DEPPE, Ass't & T.A, 
CINCINNATI, O. 
J. C. TUCKER, G.N.A. 234 Clark St., CHICAGO 
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FIVE OF‘EM] | 
FINE ‘UNS,TOO+. | 
CHICAGO TRAINS. | 
NEWYORK AND 
Stlouis 
Comfortable Coaches, 
Luxurious Sleeping Cars, 
Fine Café Cars, 
 Reomy Parlor Cars. 
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AUS A GLASS IS A NECESSITY 


- [ 4 ; No one out of door, whether Traveler, Sportsman, Sailor, Ranch- 
man or Stay-at-Home can afford to be without a STEREO. 

i If you think this statement overdrawn it is because you have 
i tyh i never had a 


| STEREO for a companion. 


rh A , You have never tested its Immense Field, Marvelous Definition, 
and Magnifying Power, or realized how small, light, elegant and 
LE G convenient it is. 
ol LAS Illustrated booklet explains all, 
ay a We will also send you a Catalog of Photogranhic Lenses, Micr¢scopes, or Chemical 
(@) ZS Apparatus and Chemicals if interested. 
FOR SALE BY ALL DEALERS 


NOMIC 


SYSTEM OF DEVICES FOR BRAIN WORKERS KORON A os AMERAS 
will interest you. It embraces many convenient contrivances 
for facilitating literary labor. These include a variety of Stands 
for reading and —- (that illustrated above, No, 300-AC, is PLEASE THE CRITICAL 
a aman to any height with top fixable at any slant, price, with 
inkstand attachment as shown, $9.28). Atlas and Folio Our Series VI, long focus, is the only camera of this 


Stands, Dictionary Holders for one, two or ten volumes (an ~ : . 
dictionary accommodated, including the Century). Adjustable design on the market fitted with a convertible lens. It 


Reading Desks (attachable to a Morris or any other kind of : : ; j 
chair, couch, or bed), Telescopic Book- Racks, other simi- is unequaled in quality, and matchives beauty. 
lar articles covering the whole range of appliances helpful to the SPECIAL TERMS to educational institutions. 
reader, writer, or student, This system also includes 
SARGENT’S ROLLER-BEARING ROTARY BOOKCASES 
ey ee = = New Library of Congress) and univer- GUNDLACH OPTICAL CO. 
sally accepted as the best. 

Our new Catalogue D, of 48 pages with 75 illustrations, gives ROCHESTER, N.Y. 
a good idea of the goods. It is sent without charge. Seid sae 
George F. Sargent Com: N. 4th Ave., next 23d ‘or Catalogue 

Street, New York. 
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SARGENT “IT’S ALL IN THE LENS” 
| OR Ne 


FOR MORE THAN 
HALF A CENTURY. 
First Aid 


+ To The Injured, 
Controls All 


enerally contain ‘‘ wood alcohol,’’ which irritates the skin, and, taken internally, = 
1s a deadly poison. 
Get POND’S EXTRACT, sold oNLY in SEALED BOTTLES in BUFF wrappers. 


POND’S EXTRACT OINTMENT cures itching or bleeding piles, however severe. It is a specific 
in all skin diseases, and gives quick relief to burns and bruises. 


Genuine bears blue 
signature on label. 


COMPANYS 


== 5 
: There is only ONE POND’S EXTRACT and everybody knows its purity, = 
rybody its purity 
eer. strength and great medicinal value. Don’t take the weak, pare Witch Hazel = 3 
ee preparations represented to be ‘‘the same as’? POND’S EXTRACT. The = 3 
of the OX. 


ITHIA WATER 


OF VIRGINIA, 
Springs Nos. 1 and 2, 


IN COMPOSITION APPROXIMATES THE 


Blood Serum. 
A BLOOD FOOD AND NUTRIENT. 


John V. Shoemaker, M. D., LL. D., Professor of Materia 
Medica and Therapeutics in the Medico-Chirurgical College of Phila- 
delphia, etc. New York Medical Journal, July 22, 1899 (extract). 


*¢An additional advantage and extremety important reason for 
the PECULIAR EFFICACY of the BUFFALO LITHIA WATER lics in the 
fact that its composition approximates that of the Serum of the Blood; 
therefore it is admirably fitted for absorption into the blood current and 
immediate incorporation with the watery portion of the nutrient fluid. 
It becomes at once identical with the BLOOD SERUM. These are quali- 
ties which far surpass those possessed by any extemporaneous solution 
of a Single chemical preparation, as when a lithia tablet, e. g., is dis- 
solved in water for immediate administration. When we speak of 
a dose, it is of a quantity altogether relative, and. what the physician 
emphatically desires in a dose is therapeutic efficrency. This we 
have in the 

‘‘Those who have made use of this water and carefully noted its ef- 
fects have often been surprised at the results obtained from amounts so 
small, according to chemical analysis, of Lithia and the accompanying 
Salts. The explanation of this extraordinary activity is doubtless to 
be found in the conditions just adduced.” 

Both of the<s waters are powerful Nerve Tonics, and No, 1 is also a 
potent Biood Tonic, and is especially indicated in all cases where 
there is Poverty or Deficiency of Blood. In the absence of these 
symptons, No. 2 is more especially indicated. 

BUFFALO LITHIA WATER is for sale by Grocers and Druggists generally. 


Testimonials, which defy all imputation or questions, sent te any address. 


PROPRIETOR, BUFFALO LITHIA SPRINGS, VIRGINIA 


Springs are open for guests from June 15th to October Ist. 
They are reached from all directions over the Danville Division of the Southern Railway. 
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Perfect Food”’ 
Presetes Health’’ 
** Prolongs Life’’ 


BREAKFAST 


AP 


WEBER 
PIANOS 


Write for booklet of “WrBer ART CREATIONS” 
(taree beautiful new designs in apright cases), and 
for recent opinions of 


World-Renowned Artists and Singers. 


“For Sympathetic, Pure and Rich Tone, Com- 
bined with Greatest Power,” the 


WEBER FIANO HAS NO EQUAL 


Prices Reasonable. Terms Liberal. 
Send for Catalogue. 


“Known the world over. 
+ «« Received the highest in- 
dorsements from the medical 
itioner, the 
the intelligent house 
and — Dietetic and 
Hygienic Gazette. 


Walter Baker & Go, Ltd. WEBER WAREROOMS: 
Teade-llak DORCHESTER, MASS. 108 Fifth Avenue, New York. 
an Every Package Established 1780. 268 Wabash Avenue, Chicago. 


181 Tremont Street, Boston. 


Good for the Spotter of Spotless Town ! 
He spotted a spot on the Butcher's 
°"T would not be meet, for justice’ sake, 
To roast the Butcher at the steak, 

And so behind the bars he’ll go. 


Bars of what ? — SAPOLIO 
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